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ABSTRACT
Identification and Comparison of Risk Factors for Older Drivers
by
Vamsi Krishna V. Surapaneni
Shashi Nambisan, Ph.D., P.E., Examination Committee Chair 
Professor o f Civil and Environmental Engineering 
University o f Nevada, Las Vegas
The focus o f this research is to identify risk factors for older drivers (drivers of age 
greater than 65 years) involved in motor vehicle crashes and compare the risk factors 
with those for other age groups. Developing such risk factors helps in better 
understanding the causes o f crashes involving older drivers. The risk factors are 
developed based on analyses of network characteristics and other related factors which 
have an impact on rate o f crashes involving older drivers. The factors evaluated include 
crash severity, collision type, contributing factors, functional class and road class. Other 
information included in the analyses includes demographic data for the study area by age 
group, annual vehicle miles o f travel, and annual passenger miles o f travel by age group. 
Crash percentages and crash rates based on these factors and measures of exposure are 
calculated and used to identify risk factors. Descriptive analyses and statistical analyses 
were used to compare risks across various age groups. The statistical analyses included 
one-way ANOVA and the Kruskal-Wallis test to compare the crash rates across age
111
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groups and to determine the significance o f any differences. Data from Clark County, 
Nevada, are used to demonstrate the application of the methodology.
The results from the analysis show that the older drivers, especially those over 75 
years o f age, have a significantly higher percentage and rate o f fatal crashes than those in 
younger age groups. The analyses based on the collision type show that older drivers 
have higher proportions o f right-tum and lefr-tum crashes. Based on rates per million 
vehicle miles o f travel (VMT) or per million passenger miles o f travel, older drivers have 
a high proportion of crashes attributed to Failure to yield and Speed related factors, 
frnproper lane change, improper turn, and failure to yield are factors for the older drivers 
which have higher rates than the average crash rate per million VMT. When functional 
class is considered, older drivers have higher crash risks on Principal arterials and Minor 
arterials. The results from analyses based on road characteristics show that the older 
drivers experience higher proportions o f crashes on 6-lane roadways followed by 4-lane 
roadways. The crash rates appear to be higher on divided roadways than on undivided 
roadways. These results are valuable in developing strategies to enhance the safety of 
older drivers in terms of their involvement in motor vehicle crashes. The strategies could 
focus on education and outreach activities aimed at older drivers as well as engineering 
design and operational countermeasures.
IV
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CHAPTER 1 
INTRODUCTION
In a few years, the first of the baby boom generation (the 76 million of Americans 
bom between 1946 and 1964) will reach the traditional retirement age of about 65 years 
'•'I The generation that overflowed schools in their early years and generated a suburban 
housing boom in their middle years will possibly change the nature of travel and 
commuting as they shift into ‘working retirement’. In 2025, an estimated 40 million baby 
boomers will be drivers on roadways in America Though motorists older than 70 
years of age drive far less frequently than those in younger age groups, they already 
account for a disproportionate share of fatalities. The death rate per mile traveled for 
drivers over 85 is four times that of the 30-59 age group. The only group more dangerous 
than such older (or “senior”) drivers is the teen-age group of drivers (National Highway 
Traffic Safety Administration (NHTSA) “Traffic Safety Facts 2001” Given the 
projected increase in older drivers, there is a need to better understand the characteristics 
of crashes involving such drivers so as to help formulate strategies to enhance their 
safety.
Objective
The objective of this research is to identity critical risk factors for drivers over the age 
of 75 and those in the age group of 65 to 74 years. These groups of drivers are termed 
“older” drivers. Further, these risk factors will be compared with those for drivers in
1
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younger age groups. The research is based on analyses of crash and population data from 
Clark County, Nevada. The approach utilizes descriptive analyses as well as statistical 
analyses. The outcomes of this research will help better understand the crash patterns of 
older drivers, and develop design and operating strategies to enhance their safety. 
Background
Older driver safety facts and statistics from NHTSA reveal that older drivers have 
low crash rates per capita. But, this is misleading, when exposure (amount of driving) is 
taken into account, drivers age 75 and older have a higher motor vehicle fatality rate than 
any other age group except persons younger than 25. Per mile driven, drivers 75 years 
and older have higher rates of fatal motor vehicle crashes than drivers in other age groups 
except teenagers. Per licensed driver, fatal crash rates rise sharply at age 70 and older. 
About half of the fatal crashes involving drivers 80 years and older occur at intersections 
and involve more than one vehicle. This compares with 23 percent among drivers up to 
age 50. Compared to the younger drivers, older drivers don't deal as well with complex 
traffic situations, and multiple-vehicle crashes at intersections increase markedly with 
age.
Senior drivers have trouble judging speed and distances, which causes an inordinate 
number of rear-end and left-hand-tum accidents. And the older the drivers get, the bigger 
the risk they pose. A 2002 Florida study found that seniors older than 85 pose a sharply 
higher risk The state's Department of Highway Safety and Motor Vehicles found that 
at least 20% of the state’s 250,000 drivers older than 85 suffered from dementia. The 
report also said that crash rates for drivers with cognitive dementia were 7.6 times higher 
than other drivers.
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Older Americans (age 65 and over) are the fastest growing segments of the U.S. 
population - in 2000 one in eight people were in this age group. The first of the baby 
boomers will reach the age of 65 starting in 2011. From 2011 to 2029, the baby boomers 
will swell the ranks of the older population to one in five of all Americans. According to 
the National Highway Traffic Safety Administration (NHTSA), most of the older 
Americans remain in the houses where they raised their families; older people are half as 
likely to move as younger people The 2000 Census finds that about 80 percent of 
people age 65 and over were in the same house as 10 years ago or more If this holds 
true in the future and baby-boomers ‘age in place,’ then the impact of the change in travel 
will be felt in the suburban areas where baby-boomers now reside. The aging of the 
population accompanied by a larger proportion of people in ‘working’ retirement means 
that older drivers can be expected on the road at least for the next two decades.
More and more people in America are driving in their 80s and 90s. Most of the older 
Americans rely on the automobile as their primary means of transportation until they are 
no longer able to drive. The National Household Travel Survey (NHTS) trends show 
people driving at older ages, 45 percent o f 85-95 year olds still drove in 2001 compared 
to only 36 percent in 1990. The growth in older drivers is especially marked among older 
women. Spain notes that almost all the men under the age of 65 have a license and retain 
them as they age; nearly three quarters of the men aged 85 and over were still licensed in 
1995 By 2010, 90 percent of older women, and almost 100 percent of older men will 
have driver’s licenses, and nearly 50 years of driving experience.
One of the most important variables related to crash risk is driver age. Crash risk per 
mile driven is very high among young people, and then declines until about the age of 40
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or 50. Risk then rises gradually until the age of 65 or 70, and at an accelerating rate 
thereafter According to NHTSA, older drivers are more likely than their younger 
counterparts to be involved in traffic crashes and killed in collisions, given the same 
driving conditions And, older drivers are more likely to die from injuries in crashes 
that would not kill younger drivers. This is partly because bodies of older drivers are 
more frail, and thus they are more susceptible to medical complications following motor 
vehicle crash injuries. This means they're more likely than younger crash victims to die 
from their injuries. In the year 2003, 6,730 persons 65 years and older died in motor 
vehicle crashes. This is a 7.7 percent drop since 1998. Eighty-five percent of older 
fatalities in 2003 motor vehicle crashes were passenger vehicle occupants, and 15 percent 
were pedestrians. Thus, it is critical to improve the understanding of critical geometric 
features and operating characteristics that influence the crash potential of older drivers.
Older drivers currently tend to be safer in terms of crashes per capita because they 
drive less frequently than younger ones. They also self-regulate their risks by avoiding or 
minimizing what they perceive to be uncomfortable driving situations. That is all 
expected to change with the change in boomer population - a generation that has thrived 
on mobility and living farther away from city centers than their predecessors. This 
generation is expected to also be the first with a large number of older female drivers, 
accustomed to the same independence as men. Like men, they will be reluctant to 
relinquish their mobility, meaning more old, small and frail drivers will be on the road.
As individuals, older drivers often find driving more difficult because of a number of 
factors such as vision problems, cognitive limitations, medication side effects, slower 
reaction time, muscular difficulties, disease, and other causes Older drivers generally
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become aware of their limitations and reduce or discontinue driving accordingly, 
sometimes long before it is necessary. They tend to avoid rush hour traffic, night-time 
driving, freeways, and other conditions and roadways that confuse or create discomfort. 
Yet, in many cases, alternative options to driving are not readily available to seniors.
Nevada, and in particular the Las Vegas metropolitan area, has experienced a 
significant growth in population over the past two decades This growth also saw a 
substantial growth in the older population and their traffic safety problems. Clark County, 
the region around Las Vegas, has seen more than 85 percent increase in older population 
during the last decade. Over the past 10 years the total annual vehicle miles in Nevada 
has increased 64.9 percent From 2000 through 2002, the total annual vehicle miles of 
travel in Nevada increased by 7.3 percent, while the fatal crash rate increased by 15.4 
percent, and the injury crash rate increased by 1.8 percent. During the same time period 
the national fatal crash rate decreased by 2.2 percent and the injury crash rate decreased 
by 11.6 percent. From 1993 to 2002 Nevada’s population increased 57.7 percent, while its 
annual total crashes increased by 36.5 percent (fatal crashes increased by 41.0 pereent). 
O f all roadways in Nevada, Minor Arterial Urban roadways experienced the most crashes 
and vehicle miles traveled as well as the highest total crash rate per 100 million vehicle 
miles traveled. Eighty five percent of the drivers involved in the 62,237 crashes in 2002 
were Nevada residents Clark County accounted for 73.5 percent of all traffic crashes 
in 2002 in Nevada. A comparison of the crashes for the U.S and Clark County are shown 
in Table 1. The same information is presented in Table 2 in terms of the proportion of the 
types o f crashes. As can be observed from Table 1, a majority of the crashes for both 
areas are Property Damage Only Crashes followed by Injury Crashes. It is also observed
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that fatal crashes for Clark County decreased from 1998 to 2002 and then increased from 
2000 to 2002, whereas for the U.S as a whole, fatal crashes increased annually from 1998 
to 2002.
Table 1 : Comparison of Crashes by Crash Severity - U.S and Clark County
Year
Fatal - 
CC
Fatal - 
U.S Injury - CC Injury - U.S
Property 
Damage 
Only - CC
Property 
Damage 
Only - U.S
1998 169 37,107 13,438 2,029,000 26,825 4,269,000
1999 161 37,140 14,066 2,054,000 27,030 4,188,000
2000 149 37,526 13,910 2,070,000 26,725 4,286,000
2001 162 37,862 14,038 2,003,000 26,676 4,282,000
2002 184 38,309 15,008 1,929,000 27,335 4,348,000
Table 2: Comparison of percent of Crashes by Crash Severity: U.S and Clark County
Year Fatal - CC Fatal - U.S Injury - CC Injury - U.S
Property 
Damage 
Only - CC
Property 
Damage 
Only - U.S
1998 0.42 0.59 33.24 32.03 66.35 67.39
1999 0.39 0.59 34.09 32.71 65.52 66.70
2000 0.37 0.59 34.11 32.37 65.53 67.03
2001 0.40 0.60 34.34 31.68 65.26 67.72
2002 0.43 0.61 35.29 30.54 64.28 68.84
As can be seen from Table 2, the yearly percentages of fatal crashes for Clark County 
are lower than the national percentages. It is also observed that the percentages of Injury 
crashes for Clark County are more than the percentages of Injury crashes for U.S. These 
data are shown in Figure 1. Correspondingly, in each year, the proportion of Property 
Damage Only crashes in Clark County is less than that for the US as a whole.
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Com parison of Percent Fatal C rashes
Fatal - U .S
0.70%
0.50%
0.40%
0.30% ------
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Figure 1: Comparison of the percentage of Fatal Crashes
Due to the expected growth in the older drivers, and the safety problems related to 
such drivers, there is a need to study factors related to the safety performance of such 
drivers. This will help transportation professional identify design and operating strategies 
to enhance safety. It also will help others such as health care providers and social 
workers, working in partnership with transportation professionals and others, assist the 
senior citizens address their mobility needs.
In this research, a methodology is developed to model older driver involvement in 
crashes. Data from Clark County, Nevada, which includes the Las Vegas metropolitan 
area, are used to demonstrate the application o f the methodology. Crash data from 1998 
to 2002 are used. Other data required include demographic data for the study area 
vehicle miles of travel and passenger miles of travel
Chapter 2 summarizes the literature on the safe mobility of the elderly, methods of 
estimating vehicle miles of travel and passenger miles of travel. Research on medical
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conditions and functional impairments are also identified. In Chapter 3, a methodology is 
developed to model older driver involvement in crashes. As a case study, data from Clark 
County, Nevada, comprising the Las Vegas metropolitan area is used in the study. 
Discussion of analysis performed and the results obtained for the case study are discussed 
in Chapter 4. Chapter 5 presents a summary of and conclusions from this research effort.
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CHAPTER 2
LITERATURE REVIEW 
This chapter summarizes the findings from a review of the literature on safety of the 
older drivers. It also addresses methods of estimating measures of exposure such as 
vehicle miles of travel and passenger miles of travel. Research on intersection-specific 
driving errors, medical conditions and functional impairments are also identified.
There is evidence that the United States has reached a critical juncture in national 
mobility trends and underlying socio-demographic conditions and travel behavior future 
demand for travel This report also predicts a case for moderating VMT growth, it 
hypothesizes that there may continue to be declining travel speed in spite of slower VMT 
growth due to the fact that more of the roadway system is at or beyond capacity and, 
hence, more susceptible to deteriorating performance with modest increases in travel 
demand. It also suggests that the impacts o f land use patterns on travel behavior and 
person travel time budget growth are not fully understood and thus are weak links in 
reaching conclusions about the ultimate course o f VMT growth.
Individuals 65 years of age and older are the fastest-growing demographic in the 
United States, and, by 2030, a quarter of all licensed drivers will be in that age group 
This is illustrated in Figure 2. Baby boomers are expected to live longer with better health 
overall than their predecessors, meaning more of them are likely to be driving greater 
distances keys well into their 90s.
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Figure 2 US Population Age Distribution with Annual VMT per Capita and Annual 
PMT per Capita
A number of states and Metropolitan Planning Organizations (MPOs) have made 
significant efforts to incorporate older mobility considerations into the planning process. 
At least seven states (Arizona, Florida, Maryland, Michigan, New York and Texas) have 
produced strategic plans for addressing safe mobility for older persons. In this regard, in 
1998, the FHWA first published, and has since updated, “Guidelines and 
Recommendations to Accommodate Older Drivers and Pedestrians” (U.S. DOT, FHWA 
October 2001)^'“l  
Physiological Considerations
Older drivers drive fewer miles, make fewer trips, and drive less in certain situations 
(e.g., night time, during rush hour) This reduction in driving and changes in driving 
behavior patterns has been attributed to a reduction of work related mileage, other 
lifestyle changes, and the recognition of decreased driving performance " I  The 
reasons most commonly given by older persons for their decision to stop driving are a
10
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lack of comfort to drive or loss of confidence in their driving abilities, vision problems, 
or health problems other than vision There is increasing attention on the influence
of different medical conditions on driving, performance. Dementia visual
impairment and chronic medical conditions have been found to be associated with 
automobile crashes in the older population.
Several studies have attempted to identify risk factors for traffic crash involvement 
among older drivers Most have focused on chronic medical conditions and
functional impairments. Such studies have received attention because the prevalence of 
most chronic medical conditions increases with age. Case reports of traffic crashes 
resulting from acute manifestations of chronic conditions (e.g. hypoglycemic attacks) 
have also supported research in this area Further, specific medical diagnoses have 
received additional attention, since they are often associated with impairment of skills 
necessary for successful motor vehicle operation. Studies have also focused on functional 
impairment (e.g. vision, cognition, and mobility) It has been argued that functional 
impairment may be less heterogeneous than specific medical diagnoses when it comes to 
classifying at-risk drivers That is, functional limitations can result from many 
medical conditions whereas not all persons with such medical conditions are likely to be 
functionally impaired.
Older drivers tend to have increasing levels of functional impairments, but these do 
not necessarily reduce their ability to drive safely For example, musculoskeletal
impairment does not generally increase crash risk, although drivers with a major 
musculoskeletal impairment may need to be assessed to identify vehicle modification and 
related training requirements However, when distance driven is taken into account.
1 1
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the risk of older drivers being involved in a reported crash is similar to that of novice 
drivers That is, the documented crash risk of older drivers, particularly in the highest 
age group (80 years and above), is considerably higher than the overall average. It has 
been pointed out that this elevation in documented crash risk does not necessarily 
represent their collision risk, because collisions involving older drivers are more likely to 
result in injury due to their greater physical frailty. Therefore, what might be an injury- 
free, unreported collision for a younger driver is more likely to be a documented crash, 
because of associated injuries or death, for an older driver Also, there is
evidence that a higher proportion of older drivers’ travel time or distance is spent in 
relatively high risk environments (e.g., in urban and suburban areas rather than on 
freeways or in rural areas), which places them at greater average risk per unit time or 
distance driven, compared with younger drivers.
There is also evidence of age-related differences in road accident type. Older drivers 
are evidently more law-abiding; they are more likely to be traveling within the speed 
limit; and they are less likely to have a high blood alcohol concentration. However, they 
are more likely than younger drivers to perform more attention-demanding driving 
maneuvers at the time of an accident, particularly negotiating complex intersections. This 
appears to be due to the tendency for older people to have reduced information- 
processing speed and reduced capacity to allocate attention optimally between different 
concurrent tasks
12
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Vehicle Miles of Travel
Data on personal travel trends are needed to examine the reliability, efficiency, 
capacity, safety, and flexibility of the nation’s transportation system to meet current 
demands and accommodate future demands; to assess the feasibility and efficiency of 
alternative congestion alleviating technologies (e.g., high-speed rail, magnetically 
levitated trains, intelligent vehicle and highway systems); to evaluate the merits of 
alternative transportation investment programs; and to assess the energy-use and air- 
quality impacts o f various policies. To address these data needs, the U. S. Department of 
Transportation (USDOT) initiated an effort in 1969 to collect detailed data on personal 
travel. The 1969 survey was the first Nationwide Personal Transportation Survey 
(NETS). The survey was conducted again in 1977, 1983, 1990, and 1995. In 2001, the 
survey was expanded by integrating the Federal Highway Administration managed NETS 
and the Bureau of Transportation Statistics-sponsored American Travel Survey (ATS). 
The survey was re-named as the National Household Travel Survey (NHTS). The 2001 
NHTS is the nation’s inventory of daily and long-distance travel. The survey includes 
demographic characteristics of households, individuals, vehicles, and detailed 
information on daily and longer-distance travel for all purposes by all modes. NHTS 
survey data are collected from a sample of U.S. households and expanded to provide 
national estimates o f trips and miles of travel by travel mode, trip purpose, and a host of 
household attributes. When combined with historical data from 1969 through 1995, the 
2001 NHTS survey data provide a rich source of detailed information on personal travel 
patterns over time.
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In the 2001 NHTS, the amount of driving (VMT) by a NHTS household vehicle 
could be estimated in three different ways. First, one can annualize the odometer readings 
recorded six weeks apart. Second, a designated household member was asked to report 
the total number of miles driven in each of the household vehicles (hereafter referred to 
as “self-reported VMT”). Finally, the amount of annual driving can be estimated based 
on the amount a vehicle is driven during the designated sample day (i.e., the travel day). 
Ideally, annualizing the odometer readings would probably generate the most reliable 
VMT estimate compared to estimates based on the other two approaches. Unfortunately, 
not all vehicles had their odometer readings recorded. Furthermore, of those that had their 
odometer reading recorded, the quality o f some o f the odometer readings is less than 
desirable (Table J.l). As such, ORNL was asked to estimate the number of miles driven 
by each of the NHTS vehicles based on the best available data. This estimate is hereafter 
referred to as the BESTMILE. BESTMlLEs are furnished only for automobiles, light 
trucks, mini vans, special utility vehicles, and motorcycles (ORNL Appendix “Methods 
to Estimate Annual Miles Driven per Vehicle)
It is estimated that the VMT has grown steadily over time in the U.S., and specifically 
in Clark County, NV the growth in population is not the only factor fueling the rise in 
travel. Other factors could include a strong economy, relatively affordable auto travel 
costs, tourism, low levels of public transit, increasing urban sprawl and the resulting 
increase in commute distances, and related factors.
Travel or mobility is acknowledged to be a fundamentally important element in 
peoples’ quality of life. Thus, travel is integral to people’s activity patterns and is 
accordingly complex and influenced by a host of socio-economic characteristics of the
14
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traveler as well as by characteristics of the transportation system and other factors 
relating culture, economic conditions, land use and public policy.
Person travel is closely related to individual activity levels, which are closely related 
to the stage in life of the individual. Young children individually do not produce VMT 
but they create travel demands for parents. VMT levels grow with age and are at their 
highest level for young to middle-age adults who are in peak levels of both work-related 
travel as well as household-serving travel. This is the stage where parents serve as 
chauffeurs to youth activities, travel to meet work and personal needs, and make other 
household-serving trips such as shopping and errands. Older adults historically have 
shown declines in travel, particularly when they are no longer have work related and 
child-serving travel. As age increases, health and stamina level typically dampen activity 
and travel levels. With age comes a shift away from accumulating material items toward 
consuming services. Income may also become a constraint on travel.
As can be observed in Figure 3, the total VMT in the US has been increasing from 
1998 through 2002. Eighty percent of the total VMT is attributable to the age group 25 -  
64. This is not surprising given that the percentage of population in the age group 25 -  
64 is little more than half of the total population (from the census data), and that this 
group o f individuals generate much higher levels of travel demand than those in other age 
groups. Irrespective of the age group all VMT has been increasing over the considered 
time period (1998 -  2002). Similar estimates of VMT in Clark County are presented in 
Figure 4. The pattern of VMT distribution over time and by age group is similar to that of 
seen for the US.
15
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Figure 4 Vehicle Miles of Travel in Clark County, NV for different age groups
Passenger Miles of Travel
In addition to the age distribution affect, PMT per capita has increased over time for 
all age cohorts. This may be due to the increasing vehicle travel requirements for youth
16
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due to dispersed suburban environments and working parents where ever greater shares 
of social activity are dependent on auto travel. For the older age groups, improved health, 
wealth, and higher licensure rates for older women have resulted in slower rates of 
declining mobility for older population segments. Middle aged population travel demand 
growth is attributed to active work participation, household member-serving activities 
and more out-of-home activities. The most recent NHTS data (2001) showed increased 
travel for all age groups including persons in the peak travel years.
The Passenger Miles of Travel (PMT) can be calculated using the Vehicle Miles of 
Travel and Vehicle Occupancy. In this study, the data used are based on the national data 
from Polzin et al (2006) "’Figure 6: U.S. Population Age Distribution with Annual 
VMT and PM T per Capita by Age Group. ” This figure provides person miles o f travel 
levels as a function of age, as well as the age distributions of the population for the years 
1970, 2000, 2001 and 2020. This information is used to obtain PMT per capita per year. 
From the Census Bureau website, national population estimates for the years 2000 and 
2001 are obtained. The product of PMT per capita and population provides an estimate of 
the PMT. PMT is used as a measure of exposure in quantifying safety.
Thus, a review of the literature identified several efforts to address issues related to 
the safety of older drivers. Many of these efforts focused on physiological or health 
related factors. Some quantified the involvement of older drivers in crashes and a 
breakdown of the various crash types. Other efforts identified means of estimating travel 
demand (VMT or PMT) for individuals in various age groups. Estimating risk factors 
related to older drivers requires developing indicators or indices o f crash rates. This can 
be done by combining data related to crash frequency with appropriate measures of
17
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exposure. A methodology to perform such analyses is the subject of this research. The 
application of the methodology is illustrated using data from Clark County, Nevada. The 
methodology is presented in Chapter 3, followed by the analysis which is presented in 
Chapter 4.
18
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CHAPTER 3 
METHODOLOGY
The objective of this study is to develop a methodology to identify risk factors 
involving older drivers at intersections, and to illustrate the application of this 
methodology. The older driver crash risks will be compared to the crash risk for other age 
groups. Key network characteristics such as geometric features and traffic operations 
related characteristics will be considered in the development of the methodology. 
Information used in the analysis of the crashes include crash data and their attributes, 
demographic data by age group, vehicle miles of travel by age group and passenger miles 
of travel by age group. The methodology is developed using data from Clark County, 
Nevada.
Data Sources
Databases related to crashes recorded by law enforcement agencies are good sources 
of information for the evaluation of safety. Such data present a good historical picture of 
safety experience. Such data are typically compiled by state departments of transportation 
(DOTs). For the purposes of this research, raw crash data originally compiled by the 
Nevada Department of Transportation (NDOT) were obtained from the Transportation 
Research Center (TRC) at the University of Nevada, Las Vegas. In this database, each 
crash record includes information related to the driver and vehicle occupants, the
19
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vehicle(s) involved, roadway features and characteristics, contributing and causal factors, 
data, time, etc. The data used in the study were for a five year from 1998 to 2002 which 
were the most current data at the time this research was initiated. Further, the crash data 
reporting form in Nevada was changed in the year 2003.
The crash data were classified into the following five age groups: 15 -  19, 20 -  24, 25 
-  64, 65 -  74, and over 75 years. The 15 -  19 is the group where the driver’s age is 
between ages 15 and 19, similarly 20 -  24 is the group which has drivers age between 20 
and 24 and so on. The sorted crash data are analyzed to calculate the number of crashes 
per year for various age groups. Thus, the number of crashes for different road 
characteristics for various age groups per year is determined.
The State demographer’s web site was used to obtain information about population in 
Clark County, Nevada The “Clark County Age Sex Race and Hispanic Origin 
(ASRHO) Estimates and Projections 1990 to 2022” details the population trends by five 
year cohorts. These population estimates and projections are considered in computation 
o f motor vehicle crash rates by population.
Vehicle miles o f travel (VMT) can be directly obtained from the Nevada DMV. 
However, because of the limitations in the availability of the data from the DMV, other 
indirect sources were explored. One such source includes estimation of VMT using the 
statistical data on an urbanized area’s miles and vehicle miles of travel from the Federal 
Highway Administration’s (FHWA) Highway Statistics Publications, "Section V: 
Roadway extent, characteristics and performance” . Another mechanism to estimate 
VMT is based on the VMT per capita rate stratified by the age profile of the population. 
(Polzin et al, 2006). Data from Polzin et al (2006) [Figure 6: U.S. Population Age
20
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Distribution with Annual VMT and PMT/Capita by Age Group''] are used as one of the 
sources of information in this study for determining VMT and PMT. However, other 
sources of data such as output from local regional transportation models can be used also 
be used to estimate VMT and PMT.
Analysis
Using different measures of exposure such as per capita, VMT and PMT data, two 
types of analysis can be performed. One is descriptive analysis and the other is statistical 
analysis. Descriptive analysis includes simple comparison of safety risk factors, i.e., 
indicators of safety such as crash frequencies, crash proportions, and crash rates. 
Statistical analyses are used to evaluate if there exist any differences in the crash risks 
(based on frequencies, proportions, and rates) based on factors selected for evaluation and 
based on age group. The indicators of safety (or risk factors) such as crash rates are 
computed for Clark County as well as for the US as a whole.
Descriptive Analysis
In the descriptive analysis, crash rates are calculated using measures of exposure such 
as population, annual vehicle miles of travel, and passenger miles of travel. To estimate 
the risk factors or crash rates for the study area and the nation, various measures of 
exposure are used, and the indicators are classified according to the age groups identified 
for the study. The determination of such crash rates is discussed next.
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Crash rate based on 1,000 population
The crash rate per capita (or per 1,000 population) per year for an age group is the 
ratio o f number of crashes per year for the age group to the population in that age group. 
As previously discussed, crash data for the study period were based on data compiled by 
NDOT, and the population data in Clark County for the various years were obtained from 
the State demographer’s office. These data are summarized in Table 3.
Table 3: Clark County Population (1998 -  2002)
Age Group 1998 1999 2000 2001 2002
1 5 -1 9 85,161 89,755 94,249 101,436 107,145
2 0 - 2 4 89/^2 94,634 100,074 108,540 114,063
2 5 -6 4 677,976 712,773 748,508 796,307 835,906
6 5 -7 4 82^^9 85,884 89,422 94,504 99,018
>75 51,804 55,940 60,165 64,696 68,507
Total 1,261,150 1,327,147 1,394,439 1,485,854 1,560,653
Let
> P be the population
> C be the number of crashes in the subject year
> N number o f years
> C i, j be the crashes for age group ‘i’ in year ‘j ’
> CRP ijb e  average crash rate per 1,000 population for age group ‘i’ in year ‘j ’ 
Equation 1 defines the computation o f the crash rate per thousand population in i‘*’ age 
group for j ‘^  year.
C„CRP = ^ * 1 0 0 0
' P,-,-
Equation (1)
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Crash Rate Based on Vehicle Miles of Travel
Vehicle miles of travel were estimated based on data presented by Polzin et al (2006) 
who provided vehicle miles of travel levels as a function of age, as well as the age 
distributions of the population for the years 1970, 2000, 2001 and 2020. This information 
was used to obtain VMT per capita per year. National population estimates for the years 
2000 and 2001 were obtained from the Census Bureau website. The product of VMT per 
capita and population gives the VMT.
Let
>  i age group
> j year
>  V ij be annual Vehicle Miles of Travel for the age group ‘i’ in year ‘j ’
>  CRV i j  is average crash rate per million miles of VMT for age group ‘i’ in year
‘j ’
>  C ij is the number of crashes for age group ‘i’ in year ‘j ’
C. iCRV, J 1,000,000....................................................................................... Equation (2)
The estimated Annual VMT is calculated using Equation (3)
....................................................................... Equation (3)
^ ^ , ,2 0 0 1  =  Equation (4)
Where
>  POP] is the total Clark County population for the year ‘j ’
>  POPij is the percentage of Clark County population in the age group 'i' for the
year ‘j ’
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> VC, ,2001 is the U.S Vehicle Miles of Travel per Capita for the age group ‘i' for the 
year 2001
> VMTi,2ooi is the US Vehicle Miles of Travel for the age group ‘i’ for the year 2001
> POP,,2001 is the US Population for the age group ‘i’ for the year 2001
In this model, the national data for vehicle miles of travel for different age groups 
(VMT) are obtained from the 2001 National Household Travel Survey. The national data 
are calculated using the online analysis tool available at the NHTS website For the 
analysis, a two-way table is created with the “analysis variable” as Annual Vehicle Miles 
of Travel (Travel Day VMT), and the “row variable” as Respondent Age (R Age) and 
the “column variable” as “Subject was driver on this trip (DRVR FLG).” The output 
from such an analysis is the annual vehicle miles of travel for each age group in five year 
age cohorts. As in the other analysis, population estimates for the year 2001 were 
obtained from the Census Bureau’s website. Data for the five year age cohorts are 
aggregated to obtain the data required for the age groups of interest in this study. Using 
this modified age group, VMT from the NHTS website and Population data from the 
Census website, the VMT per capita for the respective age groups are calculated using 
Equation 5.
^Q ,2ooi =  Equation (5)
■' ^ U ,2 0 0 l
This VMT per Capita (VCi, 200 1) is used as the base VMT and the corresponding year 
is taken as the base year in calculating VMT in Clark County for the other years. The 
VMT for Clark County is not readily available VMT data are estimated for Clark County 
as follows.
24
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
.Equation (5a)
Assuming that the VMT per capita is relatively stable over the 5 year study period, 
Equation 5a is used to calculate VMT for the rest o f the years (1998, 1999, 2000 and 
2002). The estimated VMT for Clark County for the study period shown in Table 4.
Table 4: Clark County VMT based on Age groups (1998 -  2002) (in millions)
CC VMT 1998 1999 2000 2001 2002
1 5 -1 9 380 400 420 453 478
20-24 934 988 1,045 1,133 1,191
2 5 -6 4 8,367 8,797 5^239 9,829 10,312
6 5 -7 4 642 666 695 735 772
>75 227 244 262 280 294
Total 10,556 11,102 11,668 12^36 13,053
Crash Rate Based on Passenger Miles o f Travel
Passenger Miles of Travel (PMT) is another measure of exposure. Estimates of PMT 
are obtained using a procedure similar to that used to determine VMT, i.e. as a function 
of the PMT rate by age profile of the population. Polzin et al (2006) provide PMT 
levels as a function of age, as well as the age distributions of the population for the years 
1970, 2000, 2001 and 2020. This information is used to obtain PMT per capita per year. 
As in the previous case, national population estimates for the years 2000 and 2001 were 
obtained from the Census Bureau’s website. The product of PMT per capita and 
population in an age group yields the PMT for the age group.
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Let
>  PM ij be annual Passenger Miles of Travel in Clark County for the age group ‘i’ 
in year ‘j ’
> PC be Passenger Miles of Travel per capita [from Polzin et al (2006), figure 6]
>  P O P j  is the total Clark County Population for the year ‘j ’
> % POPij is the percentage of Clark County population for the age group ‘i’ for the 
year ‘j ’
,  Equation (6)
PC,om -   Equation (7)
■' ^ C  ,2001
Where
> PCi,2ooi is the U.S PMT per Capita for the age group ‘i' for the year 2001
> PMTi,2ooi is the US Passenger Miles of Travel for the age group ‘i’ for the year 
2001
> POPi,2ooi is the US Population for the age group 'i' for the year 2001
In this model, national data for PMT for different age groups were obtained from the 
2001 National Household Travel Survey. The national data are calculated using the 
online analysis tool available at the NHTS website For the analysis, a two-way table 
is created with the “analysis variable” as Annual Passenger Miles of Travel (Travel Day 
PMT), the “Row variable” as “Respondent Age (R_Age)” and the “Column variable” as 
“Subject was driver on this trip (DRVR FLG).” The output from such an analysis is the
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annual passenger miles of travel for each age group in five year age cohorts. As before, 
population estimates for the year 2001 were obtained from the Census Bureau’s website. 
Likewise, data for the five year age cohorts are aggregated to obtain the data required for 
the age groups of interest in this study. Using this modified age group, PMT from the 
NHTS website and Population data from the Census website, the PMT per capita for the 
respective age groups are calculated using Equation 8.
^ Q .2001 =  Equation (8)
-^ ^ U .2 0 0 1
The PMT per Capita ( P C i ,  2 0 0 1 )  is used as the base PMT and the corresponding year is 
taken as the base year in calculating the PMT for Clark County for the other years in the 
study period. PMT data for Clark County are not available. Therefore, PMT data are 
estimated for Clark County as follows.
Pj j = POPj *VoPOP. j *RC, 20 0 1   Equation (8a)
where P O P j  is the total population of Clark County for the year ‘j ’ and % P O P j j  is the 
percentage population of Clark County for the year ‘j ’ in the age group ‘i’. Assuming that 
the P M T  per capita is relatively stable over the 5 year study period. Equation 8a is used to 
calculate P M T  for the other years in the study period (1998, 1999, 2000 and 2002). The 
estimates of P M T  for Clark County for the study period are shown in Table 5.
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Table 5: Clark County PMT based on Age groups (1998 -  2002) (in millions)
CC PMT 1998 1999 2000 2001 2002
15-19 1,054 1,110 1,166 1,255 1,326
2 0 - 2 4 1,404 1,485 1,570 1,703 1,790
2 5 - 6 4 12,040 12,657 13,292 14,137 14,835
6 5 - 7 4 1,070 1,110 1,157 1,223 1,284
> 75 407 439 471 503 529
Total 18,516 19,476 20,459 21J95 22,883
Crash Percentage
The proportion of crashes is calculated for individual age groups for each year in the 
study period based on crash characteristics of interest. Crash characteristics to be 
considered in the analysis include those related to crash severity, crash type, contributing 
factors, and roadway related factors. Key factors and their class / categories are listed 
next.
• Crash Severity
o Fatality 
o Injury
o Property Damage Only (PDG)
• Collision Type
o Rear-end Collision 
o Angle Collision
o Side-swipe Collision (Same Direction) 
o Left-tura Collision 
o Right-tum Collision
• Contributing Factors
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o Improper Lane Change 
o Improper Turn 
o Failure to Yield 
o Inattentive Driving 
o Speed Related 
Functional Class
o Interstate/Freeway 
o Principal Arterial 
o Minor Arterial 
o Collectors 
o Local
o Rural
o Urban
Interstate/F reeway 
Principal Arterial 
Minor Arterial 
Collectors 
Local
Interstate/Freeway 
Principal Arterial 
Minor Arterial 
Collectors 
Local
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• Road Class
o Less than or equal to 4 Lanes 
o 6 Lanes
o Greater than or equal to 8 Lanes 
o Divided
■ Less than or equal to 4 Lanes
■ 6 Lanes
■ Greater than or equal to 8 Lanes 
o Undivided
■ Less than or equal to 4 Lanes
■ 6 Lanes
■ Greater than or equal to 8 Lanes 
o One Way
o Two Way
For the Functional class all the identified factors are again separated for the rural and 
urban areas. In the same manner, for Road class lanes are again separated for divided and 
undivided.
An evaluation of the crashes in each age group based on such key factors of interest 
provides an indication of the variation in the distribution of the crashes between the age 
groups. This is done by calculating the percent crashes for each age group of interest for 
each year in the study period. It is based on the following key factors identified in the 
individual crash record; Collision type, Contributing Factors, Functional Class, and Road 
Class.
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Let
> Cij be the crashes for the age group ‘i' in the year ‘j ’
> ZiCij be the total crashes for the year ‘j ’
> % Cij be the percent crashes for the age group 'i' in the year ‘j ’
C.
% C. J = „  —  * 100 ........................................................................................Equation (9)
For various crash characteristics of interest, Equation 9 is used to determine the 
percent of crashes for each age group for each year in the study period. The factors 
which account for a significant proportion of the crashes are further evaluated to calculate 
the crash rates based on the population, vmt, and pmt.
In addition to the descriptive analyses, statistical analyses are used to determine the 
significance of the findings from the descriptive analyses.
Statistical Analysis
After computing the crash rates, it is necessary to evaluate if there exist any 
differences in these crash rates across various age groups. These are to be based on 
factors selected for evaluation and based on age group. Statistical Models such as One 
Way ANOVA and Kruskal-Wallis test are used to for this purpose. These are discussed 
next.
One-Way ANOVA
Analysis of variance (ANOVA) is similar to regression in that it is used to investigate 
and model the relationship between a response variable and one or more independent 
variables However, analysis of variance differs from regression in two ways: the 
independent variables are qualitative (categorical), and no assumption is made about the 
nature of the relationship (that is, the model does not include coefficients for variables).
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In effect, ANOVA extends the two-sample t-test for testing the equality of two 
population means to a more general null hypothesis of comparing the equality of more 
than two means versus them not all being equal. An off-the shelf statistical analysis 
program, MINITAB, is used for the analysis. Several of Minitab's ANOVA procedures, 
however, allow models with both qualitative and quantitative variables
Minitab's ANOVA capabilities include procedures for fitting ANOVA models to data 
collected from a number of different designs, for fitting MANOVA models to designs 
with multiple responses, for fitting ANOM (analysis of means) models, and graphs for 
testing equal variances, for confidence interval plots, and graphs of main effects and 
interactions. In addition to this, ANOVA assumes that the residuals behave normally. In 
this analysis, the following hypothesis is considered;
Null Hypothesis Ho: All means are equal
Alternate Hypothesis Hi : At least one of the means is different from the other.
In order to accept the results of the one-way ANOVA, a normality test needs to be 
performed on the “residuals” to verity the assumption in ANOVA that the residuals 
follow a normal probability plot The residual is defined as the difference between the 
observed values and the predicted or fitted values. The residual is part of the observation 
that is not explained by the fitted model. Analyzing the residuals helps determine the 
adequacy of the model. A normal probability plot is generated to perfonu a hypothesis 
test to examine whether or not the observations follow a normal distribution. For the 
normality test, the hypotheses are.
Null Hypothesis Ho: data follow normal distribution vs.
Alternate Hypothesis Hi: data do not follow a normal distribution
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The vertical scale on the graph resembles the vertical scale found on normal 
probability paper. The horizontal axis is a linear scale. The line forms an estimate of the 
cumulative distribution function for the population from which data are drawn. 
Numerical estimates of the population parameters, m and s, the normality test value, and 
the associated p-value are displayed with the plot. A Kolmogorov-Smimov test for 
normality, an Empirical Cumulative Distribution Function (ECDF) based test is 
performed on the residuals 
Kruskal-Wallis Test
The Kruskal-Wallis test is used to test the hypothesis of the equality of population 
medians for a one-way design (two or more populations) This test is a generalization 
of the procedure used by the Mann-Whitney test, and like the Mood's median test, offers 
a nonparametric alternative to the one-way analysis of variance. The Kruskal-Wallis test 
looks for differences among the populations' medians. The Kruskal-Wallis test is more 
powerful (the confidence interval is narrower, on average) than the Mood's median test 
for analyzing data from many distributions, including data from the normal distribution, 
but is less robust against outliers. An assumption for this test is that the samples from the 
different populations are independent random samples from continuous distributions, 
with the distributions having the same shape.
Parametric implies that a distribution is assumed for the population. Often, an 
assumption is made when performing a hypothesis test that the data are a sample from a 
certain distribution, commonly the normal distribution. Nonparametric implies that there 
is no assumption of a specific distribution for the population. These nonparametric tests 
are analogous to the parametric t-tests and the analysis of variance procedures in that they
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are used to perform tests about population location or center value. The center value is 
the mean for parametric tests and the median for nonparametric tests. An advantage of a 
parametric test is that if the assumptions hold, the power, or the probability of rejecting 
Ho when it is false, is higher than is the power of a corresponding nonparametric test with 
equal sample sizes. The nonparametric test results are more robust against violation of the 
assumptions. Therefore, if assumptions are violated for a test based upon a parametric 
model, the conclusions based on parametric test p-values may be more misleading than 
conclusions based upon nonparametric test p-values
The Kruskal-Wallis test is used to test the following hypothesis:
Null Hypothesis Ho: the population medians are all equal versus 
Alternate Hypothesis H|: the medians are not all equal 
In summary, various methods of descriptive analyses and statistical tests can be used 
to identify and eompare risk factors involving various groups of drivers. The focus of the 
work presented herein is on the group of older drivers. Applieations of the procedures 
presented in this chapter to evaluate the risk factors related to older drivers are presented 
in the next chapter.
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CHAPTER 4 
ANALYSIS
In this chapter, the methodology presented in the previous chapter is used to identify 
risk factors involving older drivers, and to illustrate the application of this methodology. 
The older driver crash risks are compared to the crash risks for other age groups. Key 
network characteristics such as geometric features and traffic operations related 
characteristics are considered in the analysis. Information used in the analysis o f the 
crashes include crash data and their attributes, demographic data by age group, vehicle 
miles of travel by age group and passenger miles of travel by age group. Data from Clark 
County, Nevada are used for the analyses. The results obtained from crash rates and 
comparative analyses are discussed next.
Evaluation of Key Crash Characteristics
The percent of crashes for each crash factor or characteristic of interest is computed 
as the ratio of the number of crashes to the total number of crashes times one hundred as 
shown in Equation (9). The top five or major crash percent are considered in the analysis. 
The average percentage of crashes for various road and crash characteristics such as road 
class, functional class, collision type, contributing factor and severity are calculated.
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Descriptive Analysis
Analyses conducted in this study use exposure data, such as per capita, VMT and 
PMT. Crash rates are computed per 1,000 population, per million VMT, and per million 
PMT respectively.
Severity
Summaries of the analyses based on crash severity are shown in Tables 6 and 7. 
These tables show data categorized by age groups. The first column in these tables 
identifies the age groups considered. The next sets of 3 columns each present the results 
of various analyses for fatal crashes, injury crashes, and property damage only (PDO) 
crashes respectively. In Table 6, the results presented are those for the percentages of 
crashes of each type in each age group, and the crash rate per 1,000 population for each 
group. In table 6, results are presented for crash rate per million VMT and per Million 
PMT for each age group.
Table 6 Crash Percentages and Crashes per 1,000 population based on Crash Severity
Percentages
Crash Rate per 1,000 
population
Age
Group
Fatal
Crashes
Injury
Crashes
PDO
Crashes
Fatal
Crashes
Injury
Crashes
PDO
Crashes
15-19 0.43% 35.51% 64.06% 0.19 15.42 27.81
20-24 0.39% 34.69% 64.93% 0.23 20.57 38.50
25-64 0.38% 33.78% 65.84% 0.14 12.36 24.09
65-74 0.43% 35.11% 64.46% 0.10 7.96 14.61
75 + 0.79% 35.90% 63.31% 0.18 8.18 14.42
Total 0.40% 34.22% 65.37% 0.15 12.79 24.43
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Table 7 Crashes per million VMT and Crashes per million PMT based on crash severity
Crash Rate per million VMT Crash Rate per million PMT
Age Fatal Injury PDO Fatal Injury PDO
Group Crashes Crashes Crashes Crashes Crashes Crashes
15-19 0.04 3.46 6.23 0.02 1.25 2.25
20-24 0.02 1.97 3.69 0.01 1.31 2.45
25-64 0.01 1.00 1.95 0.01 0.70 1.36
65-74 0.01 1.02 1.88 0.01 0.62 1.13
75 + 0.04 1.88 3.32 0.02 1.05 1.85
Total 0.01 1.20 2.29 0.01 0.79 1.51
As can be observed from Table 6, a major proportion of the crashes are PDO Crashes 
followed by Injury Crashes. The same pattern is seen for the crash rates per 1,000 
population, million VMT and million PMT. A review of the results for fatal crashes 
reveals some interesting observations. Figure 5 shows the fatal crash percentages for the 
various age groups.
Fatal Crash Percent I % Fatal
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F
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15-19 20-24 25-64 65-74 75 +
Figure 5 Average Fatal crash percentages for the years
37
Reproduced witti permission of ttie copyrigiit owner. Furttier reproduction protiibited wittiout permission.
The fatal crash percentage for the age group of “75 and over” is 0.79 which is almost 
double the average crash rate over the years (1998 -  2002) for Clark County. Figure 5 
indicates that the young age groups (15-19, 20-24) and older age groups (65-74 and 75 +) 
have higher percentages of fatal crashes than the 25-64 age group. The average crash 
percentages for fatal, injury and PDO crashes for the US as a whole, for the state of 
Nevada, and for Clark County are shown in Table 8. From Table 8, it can be inferred that 
on the whole the national Fatal Crash percentage is the higher than those for Nevada and 
Clark County. Likewise, the injury crash percentage for Clark County is greater than 
those for Nevada and the US. A comparison Table 6 and Table 8 shows that the age 
group of 75 + in Clark County has a very high crash percentage (0.79%) which is more 
than the national average fatal crash percentage (0.59%), and fatal crash percentage for 
Nevada (0.50%). These suggest that the older drivers in Clark County have a high fatal 
crash percentage compared to any other age group.
Table 8 Average crash percent for national, state and Clark County
Average Crash percent % Fatal % Injury % PDO
US 0.59% 31.87% 67.54%
Nevada 0.50% 31.99% 67.51%
Clark County 0.40% 34.22% 65.37%
Figure 6 shows the crash rate per 1,000 population in Clark County. It shows that the 
age group of 20-24 has the highest crash rate per 1,000 population. The age group 15-19 
follows the age group 20-24 followed by the age group 75+. The Age group 65-74 has 
lowest fatal crash rate. Similarly, Figures 7 and 8 show the crash rates per million VMT
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and per million PMT in Clark County. Figure 7 shows that the age groups 15-19 and 75 
+ have the highest crash rate per million VMT. These age groups have a crash rate which 
is as high as four times as that o f average crash rate. This figure has a “U” shape over the 
age groups, which implies that the crash rate is higher at the ends compared to the ones in 
the middle. It can be seen from Figure 8 that the age group 75 + has the highest fatal 
crash rate per million PMT, while the crash rates for the age group 15-19 and the age 
group 20-24 are similar. The crash rate for the age group 75 + is about 2 times the 
average crash rate.
Fatal Crashes per 1,000 pop
0.25
B Fatal per 000 popj
0.00
iS 0.05
15-19 20-24 25-64 65-74 75 +
Figure 6 Average Fatal Crashes per 1,000 Population in Clark County
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Fatal crashes per mil VMT I Fatal crashes per mil vmt
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Figure 7: Average Fatal Crashes per million VMT in Clark County
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Figure 8 Average Fatal Crashes per million PMT in Clark County
Overall, the age group 75 -t- shows the highest rate of fatal crashes compared to the 
other age groups. This age group has the highest percent of crashes, the highest fatal 
crash rate per million VMT and the highest fatal crash rate per PMT. The crash rates
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based on VMT and PMT are better indicators of risk since they account better for 
exposure.
Collision Type
Of the various collision types. Angle collision. Rear-end collision, Left-tum collision, 
Right-tum collision and Side-swipe collision account for about 80 percent of the total 
collisions. The distribution of each of these collision types for the individual age groups 
as a percent of the total crashes in the age group is shown in Figure 9. Rear-end collision 
is the major collision type accounting for about 40 percent of the collisions. Side-swipe 
collision and Angle collision account for about 15 percent each.
Collision Type - Percent Crashes
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Figure 9 Average percent Crashes in Clark County based on Collision types
Older drivers (age groups of 65-74 and 75+) have a high crash percentage for Angle 
collision and Rear-end collision. But for the Rear-end collision the older drivers have a 
crash percent less than the average crash percent. The older drivers have a crash percent
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higher than the average crash percent for the following types of collisions; Angle 
collision, Left-tum collision, Right-tum collision and Side-swipe collision.
Results of the analysis of the crash rate per 1,000 population in Clark County based 
on of collision type are shown in Figure 10. As can be seen Figure 10, for the older 
drivers angle collision and rear-end collision have the highest crash rates per 1,000 
population. It is interesting to note that the rear-end crash rates are signifieantly higher 
for the younger drivers (age groups 1 5 - 1 9  and 20 - 24). When compared with the 
percent crashes, crashes per 1,000 population behave differently as can be observed, 
crashes per 1,000 population is at the higher end for the young age groups.
Figures 11 and 12 show the crash rates per million VMT and per million PMT in 
Clark County based on collision type. Figure 11 shows that for the older drivers angle 
collision, and rear-end collision have the highest crash rates per million VMT. Once 
again, the rear-end crash rates are significantly higher for the younger drivers (age groups 
1 5 - 1 9  and 20 - 24). The crash rates for left-tum and right-tum collisions are higher for 
the older drivers than the average for all age groups. This indicates that older drivers 
experience a higher proportion o f such crashes.
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Figure 10 Average Crashes per 1,000 Population in Clark County based on Collision 
Types
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Figure 11 Average Crashes per million VMT in Clark County based on Collision types
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Figure 12 Average Crashes per million PMT in Clark County based on Collision types
For crash rate per million PMT (Figure 12), older drivers have a high crash rate in the 
case of angle collisions, left-tum collision, rear-end and Side- swipe collision than the 
average crash rate per million PMT. Once again, the rear-end crash rates are significantly 
higher for the younger drivers (age groups 1 5 - 1 9  and 20 - 24). The crash rates for left 
turn, right turn, and Side-swipe collisions are higher for the older drivers than the 
corresponding average for all age groups. This indicates that older drivers experience a 
higher proportion of such crashes. For young drivers, angle collision and rear-end 
collision rates are higher than their corresponding averages across all age groups. 
Contributing Factors
Of all the contributing factors, three-quarters o f the crashes are due to failure to yield, 
speed related, improper turn, improper lane change, and inattentive driving. O f these 
factors, failure to yield and speed related crashes have a crash percentage account for 
about 25 percent o f the total crashes. The distribution of crashes in Clark County based
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on contributing factors for the study period is shown in Figure 13. The figure shows that 
the Older drivers have a high proportion of crashes are due Failure to yield and Speed 
related factors.
Contributing Factors - Percent Crashes
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Figure 13 Average percent Crashes in Clark County based on Contributing Factors
Figure 14 shows the results of the analysis of the crash rate per 1,000 population in 
Clark County based on contributing factor. Again, older drivers have a high rate o f per 
capita crashes for failure to yield and speed related factors. The crash rate per 1,000 
population is highest for these two factors among the younger drivers (age groups of 15 -  
19, and 20 -  24). When compared with the average crash rate per 1,000 population, 
failure to yield is the only factor which has a crash rate more than the average crash rate 
for the older drivers.
Figures 15 and 16 show the crash rates per million VMT and per million PMT 
respectively in Clark County based on contributing factor. For the older drivers (65-74
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and 75+), failure to yield and speed related have a very high crash rates for both VMT 
and PMT as measures of exposure. But, improper lane change, improper turn, and failure 
to yield are the factors for the older drivers which have a higher crash rate than the 
average crash rate per million VMT. Failure to yield has high rates for the younger 
drivers (15-19) also. Speeding also is a very significant contributing factor for crash rates 
per million VMT among the youngest drivers. Figure 16 shows that failure to yield and 
speed related are the factors have high crash rates per million PMT for the older drivers.
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Figure 14 Average Crashes per 1,000 Population in Clark County based on Contributing 
Factors
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Figure 15 Average Crashes per million VMT in Clark County based on Contributing 
Factors
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Figure 116 Average Crashes per million PMT in Clark County based on Contributing 
Factors
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Functional Class and Area Type
The functional classes of roadways considered are the following five categories; 
Interstate/Freeway, Principal Arterial, Minor Arterial, Collectors, and the Local roads. 
These classes are further classified based on area type (i.e. rural and urban). It is to be 
noted that a vast majority of the population and road network in Clark County are in 
urban areas. So, it is not surprising that most o f the crashes occur in urban areas. About 
97% of the crashes occur in the urban area, this reflects the population distribution. The 
distribution of crashes in Clark County based on roadway functional class is shown in 
Figure 17 and based on both functional class and area type is shown in Figure 18.
Functional Class - Percent Crashes
(D 15-19 B 20-24 Q 25-64 
0 65-74 □ 75 +
Interstate/Freeway Principal Arterial Minor Arterial Collectors Local
Figure 17 Average percent Crashes in Clark County based on Roadway Functional class
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Functional Class and Area Type percent Crashes
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Figure 18 Average percent Crashes in Clark County based on Roadway Functional class 
and Area Type
Figure 17 shows that a majority of the crashes occur on the Minor Arterials (38%) 
followed by the Principal Arterials (23%). When older driver crashes are observed in 
Figure 17, Minor Arterials and Principal Arterials account for the highest proportions of 
their crashes. This can be attributed to the fact that the older drivers tend to avoid the 
Interstate/ Freeways and prefer to drive on arterials. When these classes are further 
divided into rural and urban, same pattern is observed in both the rural and urban areas 
with most of the crash percentages in the urban area. This is evident from Figure 18. 
Minor Arterials and Principal Arterials in Urban areas have the highest percentage of 
crashes. Older drivers have higher crash proportions than the average for both Urban and 
Rural areas on Minor arterials. Principal arterials. Collectors and Local roads.
The crash rates per 1,000 population based on the roadway functional class stratified 
by age group are shown in Figure 19, and based on both functional class and area type is 
shown in Figure 20. Both the figures reveal similar trends, with urban facilities reporting
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higher crash rates. For older driver crashes, minor arterials and principal arterials have a 
high crash rate compared to other road classes. In each of these cases, the young drivers 
have higher crash rates.
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Figure 19 Average Crashes per 1,000 Population in Clark County based on Roadway 
Functional class
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Figure 20 Average Crashes per 1,000 Population in Clark County based on Roadway
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The crash rates per million VMT based on the roadway functional class stratified by 
age group are shown in Figure 21, and based on both functional class and area type is 
shown in Figure 20. In Figure 21, it appears that the younger and the older drivers (i.e. 
the age group 15-19 and the age group 75+) have higher crash rates on the Principal 
Arterials and the Minor Arterials. Figure 22 shows a similar pattern as seen in Figure 21 
with urban areas having high crash rates. Similarly, the crash rates per million PMT 
based on the roadway functional class stratified by age group are shown in Figure 22, and 
based on both functional class and area type is shown in Figure 23. These figure are very 
similar to those with crash rates based on VMT - the younger and the older drivers (i.e. 
the age groups 15-19, 20-24, and 75+) have higher crash rates on the Principal Arterials 
and the Minor Arterials. The 20-24 age group has crash rates per PMT on the Principal 
Arterials and Minor Arterials that are greater than those for the age group 15-19.
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Figure 21 Average Crashes per Million VMT in Clark County based on Roadway 
Functional class
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Functional Class and Area Type per mil VMT
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Figure 22 Average Crashes per Million VMT in Clark County based on Roadway 
Functional class and Area Type
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Figure 23 Average Crashes per Million PMT in Clark County based on Roadway 
Functional class
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Figure 24 Average Crashes per Million VMT in Clark County based on Roadway 
Functional class and Area Type
Road Class
The Road class factor is evaluated based on the following categories: Divided, 
Undivided, One-way, and Two-way. About 52 percent of the crashes in Clark County 
were on divided roads A Most of the roads in Clark County region are two way roads. So, 
most of the crashes are on the two way roads. Road Class is further divided based on the 
number of lanes as follows: less than or equal to 4 lanes, 6 lanes and greater than or equal 
to 8 lanes. Table 9 shows the proportion of crashes based this classification scheme for 
the various age groups considered. There does not appear to be any remarkable 
differences in the results seen across the various age groups.
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Table 9 Average percentages of Crashes in Clark County Based on Road Class (Divided, 
Undivided, One-way and Two-way)
Age Group Divided Undivided
One
Way Two Way
15-19 49.05% 29.89% 3 9#% 96.03%
20-24 53.28% 28.88% 5.88% 94T2%
25-64 52.33% 29.65% 61394 9T87%
65-74 50.21% 32.64% 4.30% 95.70%
>75 50.12% 34.15% 2.81% 97T9%
Average 57 96% 29.g6% 5.67% 94J2%
The percentage of crashes based on the number of lanes is shown in Figure 25. Roads 
with less than or equal to 6 lanes have the high proportion o f crashes. This can be 
understood because in Clark County most of the roads have lanes equal to or less than six 
lanes. A better indicator would also take into account the vehicle miles of travel on each 
type of roadway. However, it can be observed from Figure 25 that older drivers have a 
higher proportion or crashed on six lane roads with a steady increase across the age 
groups.
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Figure 25 Average percent Crashes in Clark County Based on the Number of Lanes.
The results of the analysis for roadway classification based on both the number of 
lanes and whether the roadway was divided or undivided are shown in Figure 26. It is 
clear from this figure that the following classes of roadways account for a majority of the 
crashes: 6 Lane divided, less than or equal to 4 Lanes undivided, and less than or equal to 
4 Lane divided. The proportion of crashes on 6 lane roadways (divided or undivided) 
appears to increase with increase in age.
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Figure 26 Average percent Crashes in Clark County Based on the Number of Lanes and 
Divided vs. Undivided Roads.
Results of the analysis of the crash rates per 1,000 population and based on roadway 
characteristics such as divided or undivided and one-way or two-way streets are 
presented in Table 10. Overall, the crash rate appears to be significantly higher on 
divided roads than on undivided roads and on two way roads than on one-way roads. As 
previously stated, most roads in Clark County are two-way roads, and so the difference in 
rates between one-way and two-way roads is to be expected. However, without 
accounting for measures of exposure on divided and undivided roads, it is not possible to 
explain the difference in the crash rates between these two types of roads.
Figure 27 shows the crash rates per 1,000 population based on the number of lanes. 
The figure shows that the crash rates per 1,000 population appear to be similar for all 
roadways except those with 8 or more lanes. The crash rates are higher for the younger 
population groups (15-19, and 20-24). Results o f the analysis of the crash rates per 1,000 
population based on further classifying roads based on the number of lanes and the
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divided or undivided nature of the road are shown in Figure 28. The trend is similar to 
that seen in Figure 27.
Table 10 Average Crashes per 1,000 Population in Clark County Based for Divided vs 
Undivided and 1-way vs. 2-Way Roads
Age
Group Divided Undivided
One
Way
Two
Way
15-19 21.29 12.98 1.72 41.69
20-24 31.60 17.13 3.48 55.82
25-64 19.15 10.85 2.24 34.34
65-74 11.38 7.40 0.97 21.69
> 75 11.42 7.78 0.64 22.14
Average 79.42 11.16 2.72 35.25
i a 15-19 B 20-24 B 25-64i
Road Class Lanes per 1,000 POP
□ 65-74 □ 75 +
i
<=4 Lanes 6 LANES >= 8 Lanes
Figure 27 Average Crashes per 1,000 Population in Clark County Based on the Number 
of Lanes
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Figure 28 Average Crashes per 1,000 Population in Clark County based on the Number 
of Lanes and Divided vs. Undivided Roadways
Crash rate per million VMT
Results of the analysis of the crash rates per million VMT and based on roadway 
characteristics such as divided or undivided and one-way or two-way streets are 
presented in Table 11. Overall, the crash rate appears to be higher on divided roads than 
on undivided roads, and much higher on two way roads than on one-way roads. As 
previously stated, there are few one-way roads in Clark County and so the difference in 
rates between one-way and two-way roads is not surprising. However, without 
accounting for measures of exposure on divided and undivided roads, it is not possible to 
explain the difference in the crash rates between these two types of roads.
Figure 29 shows the crash rates per million VMT based on the number of lanes, and 
Figure 30 does the same based on the number o f lanes and the divided or undivided 
nature o f the road. The crash rates per million VMT are seen to be the highest for the 
youngest population group (15-19, 20-24), and also for the 75+ population group. The
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crash rate for the older population is somewhat similar for both 4 lane and 6 lane 
roadways. The crash rates on roadways with 8 or more lanes are much smaller than those 
on roadways with fewer than 8 lanes.
Table 11 Average Crashes per Million VMT in Clark County Based for Divided vs 
Undivided and 1-way vs. 2-Way Roads
Age
Group Divided Undivided
One
Way
Two
Way
15-19 4.77 2.91 0.39 9.35
20-24 3.03 1.64 0.33 5.35
25-64 1.55 0.88 0.18 2.78
65-74 1.46 0.95 0.13 2.79
>75 2.63 1.79 0.15 5.10
Average 1.82 1.05 0.20 3.30
Road Class Lanes per mil VMT
0 15-19 B 20-24 H 25-64 
Q 65-74 0 75 +
<=4 Lanes 6 LANES >=8 Lanes
Figure 29 Average Crashes per Million VMT in Clark County based on the Number of 
Lanes
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Road Class per Mil VMT
□ 15-19 B 20-24 □ 25-64 
' Q 65-74 0 75 +
t-
%
>
3.50
3.00
2.50
2.00
1.50
1.00 
0.50 
0.00 iH f e s to C O ..
<- 4L Diwded <= 4L 
Undivided
6L Divided 6L Undivided >= 8L Divided >= 8L 
Undivided
Figure 30 Average Crashes per Million VMT in Clark County based on the Number of 
Lanes and Divided vs. Undivided Roadways
Figure 30 shows that the following types of roadways have the highest crash rates per 
million VMT both overall, and also for older drivers: 6-lane divided, less than or equal to 
4-lanes undivided, and less than or equal to 4- lanes divided have a very high crash rate 
overall.
Crash rate per million PMT
The analysis of the crash rates per million PMT and based on roadway characteristics 
such as divided or undivided and one-way or two-way streets was repeated using crashes 
per million PMT as the safety indicator. Results of this analysis are presented in Table 
12. As in Table 11, overall, the crash rate appears to be higher on divided roads than on 
undivided roads, and much higher on two way roads than on one-way roads. As discussed 
before, the difference in rates between one-way and two-way roads is not surprising. 
However, without accounting for measures of exposure on divided and undivided roads.
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it is not possible to explain the difference in the crash rates between these two types of 
roads.
Figure 31 shows the crash rates per million PMT based on the number of lanes, and 
Figure 32 does the same based on the number of lanes and the divided or undivided 
nature of the road. These results are very similar to those obtained for crashes per million 
VMT. The crash rates per million PMT are seen to be the highest for the youngest 
population group (15-19, 20-24), and also for the 75+ population group. The crash rate 
for the older population is somewhat similar for both 4 lane and 6 lane roadways. The 
crash rates on roadways with 8 or more lanes are much smaller than those on roadways 
with fewer than 8 lanes. When the lane configurations are further classified as divided 
and undivided roads, it can be seen that 6-lane divided, less than or equal to 4-lanes 
undivided, and less than or equal to 4-lanes divided have the highest crash rates. The 
crash rates per million PMT for older drivers are higher than the average crash rate for 
these facilities, and also for the 6-lane undivided roads. In fact, on the 6-lane undivided 
road, the 75+ population group has the highest crash rate per million PMT.
Table 12 Average Crashes per Million PMT in Clark County Based for Divided vs. 
Undivided and 1-way vs. 2-Way Roads (1998 -  2002)
Age
Group Divided Undivided
One
Way
Two
Way
15-19 1.72 1.05 0.14 3.37
20-24 2.01 1.09 0.22 3.56
25-64 1.08 0.61 0.13 1.93
65-74 0.88 0.57 0.08 1.68
>75 1.46 1.00 0.08 2.84
Average 7.20 0.6P 0.73 2.7g
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Road Class Lanes per mil PMT
0)15-19 g 20-24 0  25-64
0 66-74 0 75 +
2.00 
1.80 
_ 1.60 
S 1.40
I  1.20
S 1.00 
« 0.80 
I  0.60
I  0.40
1
É0.200.00
6 LANES<= 4 Lanes >= 8 Lanes
Figure 31 Average Crashes per Million PMT in Clark County based on the Number of 
Lanes
Road Class per mil PMT
0)15-19 g 20-24 a 25-64! 
□ 65-74 Q 75 +
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00
<= 4L Divided <= 4L 
Undivided
6L Divided 6L Undivided >= 8L Divided > =  8L 
U ndivided
Figure 32 Average Crashes per Million PMT in Clark County based on the Number of 
Lanes and Divided vs. Undivided Roadways
Various descriptive analyses have been presented in the preceding sections. While 
these analyses suggest or indicate certain differences in crash rates among the various age
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groups, they do not do so with any certainty. Statistical tests need to be conducted to 
evaluate the significance of any such differences. The results of such statistical tests are 
presented next.
Statistical Analysis
As discussed in the previous chapter, two methods are used for the statistical 
analyses: One-way ANOVA and the Kruskal-Wallis test. The results o f these analyses 
are presented next.
The one-way ANOVA hypotheses are as follows:
Null Hypothesis Hq: the population means are all equal versus 
Alternate Hypothesis H,: the means are not all equal
The population means referred to in this hypothesis are those for the crash rates 
for each age group. The one-way ANOVA is valid only when the residuals follow a 
normal distribution i.e. a normality test is done on the residuals. A Kolmogorov-Smimov 
test for normality is performed on the residuals. For the normality test, the hypotheses are 
as follows:
Null Hypothesis Ho: data follow a normal distribution
Alternate Hypothesis Hi: data do not follow a normal distribution
The P-value is used to decide whether the Null hypothesis is rejected or not. If  the
p-value computed is less than the desired confidence level (a level), then the Null
hypothesis is rejected.
The Kruskal-Wallis test is a non-parametric test which tests for the equality of the 
medians. The Kruskal-Wallis hypotheses are:
Null Hypothesis Hq: the population medians are all equal versus
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Alternate Hypothesis Hy the medians are not all equal
Both the aforementioned tests are performed on the all the factors and for all the 
measures of exposure. In some of the cases, the one-way ANOVA is not considered as 
the assumption that residuals follow a normal distribution failed. In those cases, the 
Kruskal-Wallis is the only test considered. Both the tests lead to the same result / 
conclusion for most of the factors evaluated.
The following sections summarize the findings from the statistical tests. The detailed 
results of each test are presented in the Appendix.
Crash Severity
Crash data are categorized into age group and annually based on the Crash Severity. 
As mentioned previously, one-way ANOVA and Kruskal-Wallis tests are used to test the 
equality of means and equality of medians respectively. These tests are done for each of 
the Fatal, Injury and Property Damage Crash percents. Each of these categories is treated 
separately and then they are tested against the age group. The hypotheses considered in 
the One-way ANOVA are
Null Hypothesis: Ho: Means of the Fatal Crash percentages of all the Age groups 
are equal
Alternate Hypothesis Hi: At least one of them is different
While performing the test the residuals are stored so as to perform the Kolmogorov- 
Smimov test on them to verify the validity of the normality assumption. The results of 
the ANOVA are presented next.
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One-way ANOVA; Fatal versus Age Group
Source DF SS MS F P
Age Group 4 0.0000610 0.0000152 8.00 0.001
Error 20 0.0000381 0.0000019
Total 24 0.0000991
S = 0.001380 R-Sq = 61.55% R-Sq(adj) = 53.86%
Level N Mean StDev
15-19 5 0 . 0 0 4 3 2 0 0 . 0 0 0 8 3 2
2 0 - 2 4 5 0 . 0 0 3 8 6 0 0 . 0 0 1 1 2 8
2 5 - 6 4 5 0 . 0 0 3 7 8 0 0 . 0 0 0 2 5 9
65-74 5 0.004240 0 . 0 0 1 7 3 0
75 + 5 0 . 0 0 7 9 2 0 0 . 0 0 2 1 2 2
Individual 95% CIs For Mean Based on 
Pooled StDev
----------- +------------- 4------------- + + -
( * )
( * )
(  *  )
0 . 0 0 4 0  0 . 0 0 6 0  0 . 0 0 8 0  0 . 0 1 0 0
Pooled StDev = 0.001380
The ANOVA results show that the p-value is equal to 0.001 which is less than the 
0.05 (a-value for a 95% Confidence Level). Thus, there is clear evidence to reject the null 
hypothesis (i.e. all the means are equal). From the confidence intervals for the means 
shown in the results of the ANOVA it can be observed that the mean fatal crash percent 
for the age group of 75 + is the highest, and the lower bound of its confidence interval 
(Cl) is higher than the upper bound of the Cl for the means for any other age group. 
Thus, it can be surmised that the percent of fatal crashes for the 75+ age group is greater 
than that for the rest of the age groups. Since the CIs of the means for the other the age 
groups overlap, there is no conclusive evidence that they are not equal.
For the normality test, the hypotheses are as follows:
Null Hypothesis Hq: the residuals follow a normal distribution 
Alternate Hypothesis Hi: the residuals do not follow a normal distribution
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The results of the normality test performed on the residuals obtained from the fatal crash 
percentages are shown in Figure 33.
Fatal - Percent Crashes 
Normal
Mean
StDev
1.445603E-20
0.001150
95 -
0.137
>0.150
90 -
P-Value
80 -
70 -
60 -
50 -
40 -
30 -
2 0 -
1 0 -
- 0.003  - 0.002  - 0.001  0.000  0.001  0.002  0.003
RE5I1
Figure 33 Graphical Output of the Normality test for the Fatal -  percent Crashes
Figure 33 provides a graphical output of the normal probabilities versus the data. The 
data depart from the fitted line most evidently in the extremes, or the distribution tails. 
The Kolmogorov-Smimov test's p-value indicates that the distribution is normal. The p- 
value obtained is greater than 0.15. Since this p-value is greater than 0.05 (the a-value 
corresponding to a 95 percent confidence level), the null hypothesis that the residuals 
follow a normal distribution cannot be rejected.
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The one-way ANOVA is repeated with CIs based on 80 percent and 60 percent level 
of confidence to examine if relaxing the confidence level would result in any other means 
being different from one another. The results for the 80 percent Cl are shown next.
One-way ANOVA: Fatal versus Age Group
Source DF 88 MS F
Age Group 4 0.0000610 0.0000152 8.00
Error 
Total
DF
4
20
24
SS
0 . 0 0 0 0 6 1 0
0.0000381 
0 . 0000991
MS
0 . 0 0 0 0 1 5 2
0.0000019
P
0 . 0 0 1
S = 0.001380 R-Sq = 61.55? R-Sq(adj) = 53.86%
Level N Mean StDev
15 -19 5 0 .0 0 4 3 2 0 0 .0 0 0 8 3 2
20 -24 5 0 .0 0 3 8 6 0 0 .001128
25 -64 5 0 ,. 0 0 3 7 8 0 0 .. 0 0 0 2 5 9
65 -74 5 0.. 0 0 4 2 4 0 0 .0 0 1 7 3 0
75 + 5 0 ,. 0 0 7 9 2 0 0 .. 0 0 2 1 2 2
Individual 80° 
Pooled StDev
+ ------------------------- H-
(  *  —
CIs For Mean Based on
( -
0.0030 0.0045 0.0060 0.0075
Pooled StDev = 0.001380
One-way ANOVA: Fatal versus Age Group
Source 
Age Group 
Error 
Total
DF
4
20
24
SS
0 . 0 0 0 0 6 1 0
0 . 0 0 0 0 3 8 1
0 . 0 0 0 0 9 9 1
MS
0.0000152
0 . 0 0 0 0 0 1 9
F
8 . 0 0
P
0 . 0 0 1
S = 0.001380 R-Sq = 61.55? R-Sq(ad]) = 53.86°
Individual 60% CIs For Mean Based on
Level N Mean StDev
Pooled StDev
15-19 5 0 . 0 0 4 3 2 0 0 . 0 0 0 8 3 2 (---*--)
2 0 - 2 4 5 0 . 0 0 3 8 6 0 0.001128 (---*--)
25-64 5 0 . 0 0 3 7 8 0 0 . 0 0 0 2 5 9 (--*-- )
65-74 5 0 . 0 0 4 2 4 0 0.001730 (--*---)
75 + 5 0 . 0 0 7 9 2 0 0 . 0 0 2 1 2 2
0 . 0 0 4 5
(  * - - )
0 . 0 0 6 0  0 . 0 0 7 5  0 . 0 0 9 0
Pooled StDev = 0.001380
67
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
As is to be expected when the confidence level is reduced, the mean values remain 
unchanged, but the Cl becomes smaller. However, even at the reduced confidence levels 
it can only be stated that the mean for the 75+ age group is significantly greater than 
those of the other groups. Since the CIs of the means for the other the age groups overlap, 
there is no conclusive evidence that they are not equal.
Kruskal-Wallis Test;
The Kruskal-Wallis test, a nonparametric test, is performed on the Fatal Crash 
percentages to test the equality of Medians of the Fatal Crash percentages. The results of 
this test are shown next.
Kruskal-Wallis Test; Fatal versus Age Group
Kruskal-Wallis Test on Fatal
Ag e  Group N M e d i a n  Ave Rank Z
15-19 5 0.004400 12 . 0 - 0 . 3 4
2 0 - 2 4 5 0 . 0 0 4 2 0 0 10.2 - 0 . 9 5
2 5 - 6 4 5 0 . 0 0 3 8 0 0 7 . 9 -1 .73
65-74 5 0 . 0 0 4 4 0 0 1 2 . 9 -0 . 03
75 + 5 0 . 0 0 7 7 0 0 2 2 . 0 3 . 0 6
Overall 25 13.0
H = 10.69 DF = 4  P = 0.030
H = 10.72 DF = 4  P = 0.030 ( a d j u s t e d
The sample medians for the five age groups were calculated. For a Z-value is equal to 
zero, the rank will be equal to 13.0 (overall average rank is 13.0 since there are a total of 
25 observations). The z-value for the age group 65-74 is -0.03, which is the smallest 
absolute z-value. This small z-vale value indicates that the mean rank for the 65-74 age 
group differed the least from the mean rank for all observations. The mean rank for the 
age group 15-19 was lower than the mean rank for all observations, as indicated by a 
negative z-value (z = -0.34). The mean ranks for the age groups 20-24 and 25-64 are 
lower than the mean rank for all observations, as their z-values are negative (z = -0.95
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and z = -1.73). The mean rank for the Age group 75+ is higher than all the age groups as 
the z-value is positive (3.06) and a high value.
The test statistic (H) had a p-value of 0.030, both unadjusted and adjusted for ties, 
indicating that the null hypothesis can be rejected at levels higher than 0.030 in favor of 
the alternative hypothesis of at least one difference among the treatment groups. Thus, for 
a 95% Confidence Interval (a-value is equal to 0.05), there is sufficient evidence that null 
hypothesis can be rejected. Further, the highest rank and the positive z-value for the 75+ 
age group indicate that the mean for this age group is the highest among all the age 
groups.
The analysis described for the percent crashes is repeated for Crash rates per 1,000 
population, per million VMT, and per million PMT. The detailed results of these analyses 
are presented in Appendix -  Statistical Analysis -  Crash Severity (Appendix Tables 27, 
28, 29 and 30 and Figures 1, 2, 3 and 4) and they are summarized in Tables 13, 14 and 
15. From Table 13, it can be seen that data for all the categories of severity (i.e., fatal, 
injury, and PDO) pass the normality test. This is based on the fact that in each case the P- 
value for the normality test is greater than 0.15, i.e. there is no sufficient evidence to 
reject the null hypothesis that the normality assumption is valid. In the one-way ANOVA, 
there is insufficient evidence to reject the null hypothesis at a 95 percent confidence level 
for injury crashes since the P-value is 0.10 (which is greater than 0.05, the a-value for the 
95% confidence interval). However, this P-value also indicates that the null hypothesis 
could be rejected at about the 90 percent confidence level. The P-values for fatal crashes 
and the PDO crashes clearly support rejecting the null hypothesis that the means are all 
equal at the 95 percent confidence level.
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Table 13 Summary of Statistical tests for Crash Severity based on Crash Percentages
3.
3*
CD
CD"D
OQ.C
a
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O
o
Severity
Crash Percentages 15-19 2 0 - 2 4 2 5 - 6 4 6 5 -7 4 75 + R-Square P-value
Fatal
ANOVA Mean 0.004 0.004 0.004 0.004 0.008 0.616 0.001
St. Dev 0.001 0.001 0.000 0.002 0.002
KW Test Median 0.004 0.004 0.004 0.004 0.008 0.030
Z-value -0.340 -0.950 -1.730 -0.030 3.060
Injury
ANOVA Mean 0.355 0.346 0.338 0.351 0.359 0.310 0.101
St. Dev 0.009 0.009 0.009 0.013 0.018
KW Test Median 0.355 0.341 0338 0.354 0.355 0.086
Z-value 1.390 -0.510 -2.510 0.410 1.220
PDO
ANOVA Mean 0.640 0.650 0.658 0.645 0.634 0.383 0.039
St. Dev 0.008 0.010 0.009 0.014 0.016
KW Test Median 0.642 0.655 0.659 0.641 0.635 0.040
Z-value -1.220 0.750 2.650 -0.340 -1.830
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Table 14 Summary of Statistical tests for Crash Severity based on Crash rate per mil VMT
3-
3"
CD
CD
■ D
OQ.
O
3
■ D
O
Severity
Crash Rate per mil VMT 1 5 -19 2 0 - 2 4 2 5 - 6 4 6 5 - 7 4 75 + R-Square P-value
Fatal
ANOVA Mean 0.047 0.025 0.012 0.014 0.048 0.813 0.000
St. Dev 0.009 0.009 0.001 0.006 0.012
KW Test Median 0.047 0.028 0.013 0.014 0.044 0.001
Z-value 2.510 -0.140 -2.850 -1.970 2.450
Injury
ANOVA Mean 3.877 2.231 1.114 1.120 2.172 0.984 0.000
St. Dev 0.067 0.231 0.040 0.061 0.208
KW Test Median 3.911 2.176 1.109 1.138 2.209 0.000
Z-value 3.400 0.950 -2.790 -2.310 0.750
PDO
ANOVA Mean 6.994 4.177 2.172 2.056 3.831 0.992 0.000
St. Dev 0.268 0.268 0.030 0.071 0.132
KW Test Median 6.938 4.182 2.157 2.056 3.806 0.000
Z-value 3.400 1.560 -1.700 -3.400 0.140
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Table 15 Summary of Statistical tests for Crash Severity based on Crash rate per mil PMT
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Severity
Crash Rate per mil PMT 1 5 -19 2 0 - 2 4 2 5 - 6 4 6 5 -7 4 75 + R-Square P-value
Fatal
ANOVA Mean 0.017 0.017 0.009 0.008 0.027 0.731 0.000
St. Dev 0.003 0.006 0.001 0.004 0.007
KW Test Median 0.017 0.019 0.009 0.008 0.025 0.001
Z-value 1.020 0.750 -2.450 -2.380 3.060
Injury
ANOVA Mean 1.398 1.485 0.774 0.672 1.211 0.944 0.000
St. Dev 0.024 0.154 0.028 0.036 0.116
KW Test Median 1.410 1.448 0.771 0.683 1.231 0.000
Z-value 2.110 2.720 -1.700 -3.400 0.270
PDO
ANOVA Mean 2.522 2.780 1.509 1.234 2.135 0.978 0.000
St. Dev 0.097 0.178 0.021 0.043 0.074
KW Test Median 2.502 2.784 1.499 1.234 2.121 0.000
Z-value 1.830 3.260 -1.700 -3.400 0.000
■D
CD
C / )
C / )
From the results shown in Appendix -  Statistical Analysis -  Crash Severity, it can be 
seen that the 95 percent CIs for the percent crashes for injury crashes and PDO crashes 
have some overlaps. Thus, there is no conclusive evidence that the means are all different 
from one another. The mean value of the PDO crash percent for the age group of 25-64 
has the highest value followed by the age group 20-24. In the Kruskal-Wallis test, the 
null hypothesis can be rejected at a 95 percent confidence level for fatal and PDO 
percent, but not for injury crashes.
For the results based on the Crash rate per 1,000 population, the normality test holds 
good for the fatal crash rate per 1,000 population, but not for injury crashes and PDO 
crashes. This voids the result of the one-way ANOVA for the injury crashes and PDO 
crashes. From the results of the ANOVA for the fatal crash rates per 1,000 population, 
the 20-24 age group has the highest fatal crash rate per 1,000 population followed by the 
15-19 age group, and then the 75+ age group. From the results o f the Kruskal-Wallis test, 
there is enough evidence for the all three crash severity categories to reject the null 
hypothesis. For the fatal crash rates per 1,000 population, the age groups of 20-24, 15-19 
and 75+ have a median crash rates higher than the average erash rate per 1,000 
population.
Considering the crash rate per million VMT, fatal erash rate per million VMT and 
PDO crash rate per million VMT pass the normality test, but the Injury crash rate fails the 
test. For the fatal crash rates, the age groups 15-19 and 75+ have higher crash rates than 
the other age groups. From the Kruskal-Wallis test, the null hypotheses can be rejected 
for all three erash severity categories. This test also shows that for the fatal erash rate, the
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median values for the crash rates for the age groups 15-19 and 75+ are significantly 
higher than the average crash rate.
In the ease of erash rate per million PMT, the fatal crash rate and the PDO crash rate 
pass the normality test, but the injury erash rate fails the test. For fatal crashes, the one­
way ANOVA shows that the 75+ age group has a cash rate that is greater than that for 
any other age group. For the Kruskal-Wallis test, the null hypotheses can be rejected for 
all the severities. For the fatal crash rate, the median values for the erash rates for the age 
group 75+ is the highest, followed by that for the 15-19 age group.
Thus, the statistical analyses based on crash severity show that the percent crashes in 
the fatal category for the 75+ age group is significantly greater (at a 95 percent 
confidence level) than those for the other age groups. Likewise, the fatal crash rate per 
million VMT and the fatal erash rate per million PMT is the highest for the 75+ age 
group. The age group 15-19 also has significantly higher than average fatal crash rates 
per million VMT and per million PMT. In general, the age group 25-64 has among the 
lowest fatal erash rates.
The results of similar statistical analyses based on collision type are discussed next. 
Collision Type
The analyses include the following safety indicators; percent crashes, per million 
VMT, and per million PMT. The detailed results of these analyses are presented in 
Appendix -  Statistical Analysis -  Collision Type (Appendix Tables 31, 32, 33, 34 and 
Figures 5, 6, 7, 8) and they are summarized in Tables 16, 17 and 18.
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Table 16 Summary of Statistical Tests for Collision types
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Collision Type
Crash Percentages 15- 19 2 0 - 2 4 2 5 - 6 4 6 5 - 7 4 75 +
R-
Square
P-
value
Angle
Collision
ANOVA Mean 0.151 0.141 0.141 0.206 0.245 0.946 0.000
St. Dev 0.006 0.005 0.005 0.012 0.019
KW
Test
Median 0.152 0.143 0.140 0.205 0.245 0.000
Z-value -0.270 -2.310 -2.510 1.770 3.330
Rear-end
Collision
ANOVA Mean 0.378 0.406 0.411 0.299 0.242 0.975 0.000
St. Dev 0.004 0.008 0.006 0.009 0.023
KW
Test
Median 0.378 0.408 0.414 0.298 0.243 0.000
Z-value 0.000 2.240 2.850 -1.700 -3.400
Left
Turn
Collision
ANOVA Mean 0.088 0.084 0.087 0.132 0.160 0.961 0.000
St. Dev 0.005 0.005 0.005 0.007 0.011
KW
Test
Median 0.087 0.083 0.087 0.133 0.155 0.001
Z-value -1.290 -2.170 -1.630 1.700 3.400
Right
Turn
Collision
ANOVA Mean 0.020 0.018 0.018 0.034 0.049 0.974 0.000
St. Dev 0.002 0.002 0.002 0.003 0.002
KW
Test
Median 0.019 0.018 0.018 0.036 0.049 0.001
Z-value -0.820 -2.110 -2.170 1.700 3.400
Side
Swipe
Collision
ANOVA Mean 0.126 0.133 0.154 0.183 0.165 0.843 0.000
St. Dev 0.006 0.004 0.007 0.008 0.019
KW
Test
Median 0.126 0.133 0.153 0.184 0.163 0.000
Z-value -3.190 -1.900 0.340 3.130 1.630
Others
ANOVA Mean 0.237 0.218 0.190 0.145 0.139 0.927 0.000
St. Dev 0.011 0.017 0.007 0.008 0.015
KW
Test
Median 0.234 0.210 0.187 0.141 0.148 0.000
Z-value 3.060 2.040 0.000 -2.450 -2.650
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Table 17 Summary of Statistical Tests for Collision types based on Crash rate per mil VMT
3
3"
CD
CD■D
OQ.C
a
o
3
■D
O
CDQ.
■D
CD
C / )
C / )
Collision Type
Crash Rate per mil VMT 15- 19 2 0 - 2 4 2 5 - 6 4 6 5 - 7 4 75 + R-Square P-value
Angle
Collision
ANOVA Mean 1.479 0.802 0.421 0.607 1.297 0.929 0.000
St. Dev 0.149 0.046 0.050 0.096 0.206
KW Test Median 1.516 0.817 0.416 0.582 1.270 0.000
Z-value 2.990 0.000 -3.400 -1.700 2.110
Rear-end
Collision
ANOVA Mean 3.703 2.313 1.224 0.875 1.273 0.983 0.000
St. Dev 0.274 0.090 0.096 0.079 0.120
KW Test Median 3.610 2338 1.229 0.849 1.219 0.000
Z-value 3.400 1.700 -1.090 -3.400 -0.610
Left Turn 
Collision
ANOVA Mean 0.861 0.476 0.259 0.390 0.850 0.921 0.000
St. Dev 0.114 0.039 0.034 0.058 0.116
KW Test Median 0.804 0.476 0.245 0.379 0.827 0.000
Z-value 2.580 -0.200 -3.400 -1.490 2.510
Right Turn 
Collision
ANOVA Mean 0.196 0.102 0.054 0.101 0.258 0.963 0.000
St. Dev 0.021 0.013 0.007 0.008 0.024
KW Test Median 0.197 0.105 0.054 0.097 0.255 0.000
Z-value 1.700 -0.820 -3.400 -0.880 3.400
Side Swipe 
Collision
ANOVA Mean 1.234 0.757 0.459 0.536 0.872 0.938 0.000
St. Dev 0.124 0.027 0.042 0.034 0.110
KW Test Median 1.284 0.757 0.475 0.538 0.813 0.000
Z-value 3.400 0.140 -3.330 -1.770 1.560
Others
ANOVA Mean 2.310 1.240 0.564 0.425 0.732 0.993 0.000
St. Dev 0.085 0.076 0.034 0.028 0.085
KW Test Median 2.285 1.234 0.549 0.426 0.719 0.000
Z-value 3.400 1.700 -1.700 -3.400 0.000
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Table 18 Summary of Statistical Tests for Collision types based on Crash rate per mil PMT
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Collision Type
Crash Rate per mil PMT 15 - 19 2 0 - 2 4 2 5 - 6 4 6 5 - 7 4 75 + R-Square P-value
ANOVA Mean 0.533 0.533 0.292 0.376 - 0.722 0.870 0.000
Angle St. Dev 0.054 0.030 0.034 0.047 0.115
Collision KW Median 0.547 0.544 0.289 0.361 0.707
0.000Test Z-value 0.950 0.820 -3.330 -1.770 3.330
ANOVA Mean 1.335 1.539 0.851 0.531 0.709 0.974 0.000
Rear-end St. Dev 0.099 0.060 0.067 0.045 0.067
Collision KW Median 1.302 1.556 0.854 0.523 0.679 0.000Test Z-value 1.770 3.330 -0.140 -3.400 -1.560
Left
Turn
Collision
ANOVA Mean 0.310 0.317 0.180 0.241 0.473 0.883 0.000
St. Dev 0.041 0.026 0.024 0.029 0.065
KW Median 0.290 0.317 0.170 0.232 0.461 0.000Test Z-value 0.610 1.020 -3.330 -1.700 3.400
Right
Turn
Collision
ANOVA Mean 0.071 0.068 0.038 0.061 0.144 0.956 0.000
St. Dev 0.008 0.009 0.005 0.005 0.014
KW Median 0.071 0.070 0.037 0.060 0.142 0.000Test Z-value 0.820 0.410 -3.400 -1.220 3.400
Side
Swipe
Collision
ANOVA Mean 0.445 0.504 0.319 0.328 0.485 0.844 0.000
St. Dev 0.045 0.018 0.029 0.012 0.062
KW Median 0.463 0.504 0.330 0.323 0.452 0.001Test Z-value 0.680 2.650 -2.650 -2.450 1.770
ANOVA Mean 0.833 0.825 0.392 0.259 0.407 0.982 0.000
Others St. Dev 0.031 0.051 0.024 0.014 0.047
KW Median 0.824 0.821 0.382 0.256 0.400
0.000Test Z-value 2.720 2.380 -1.020 -3.400 -0.680
First, consider the crash percentage for the various collision types. The null 
hypothesis (of normality) cannot be rejected at a 95 percent confidence level for any 
collision type. In the one-way ANOVA, older drivers (age groups 65-74 and 75+) have 
significantly greater crash percentages for angle collision, left-tum collision, and right- 
tum collision. Conversely, the corresponding crash percentages for rear-end collisions 
were significantly lower. Among these two age groups, the 75+ age group has a higher 
percent o f such crashes than the 65-74 age group. The Kruskal-Wallis test shows the null 
hypotheses can be rejected for each of the collision types. The Kruskal-Wallis test reveals 
that the 75+ age group and the 65-74 age group have respectively the highest and second 
highest percent of angle, left-tum, and right-tum collisions, and the lowest, and second 
lowest percent of rear-end collisions. These findings further validate those from the one­
way ANOVA.
For the Crash rate per million VMT, the normality of residuals assumptions is valid 
for all collision types (i.e. the null hypothesis cannot be rejected). In the One-way 
ANOVA, all the collision types have enough evidence to reject the null hypotheses. The 
age group 75+ has the highest rate of Right-tum collision rates among all age groups. The 
age groups of 15-19 and 75+ have the top two rates for Left-tum collisions. Angle 
collisions, and Side-swipe collisions. The Kruskal-Wallis test confirms theses findings.
In the analysis based on Crash rate per million PMT, the normality of residuals 
assumption holds for all the collision types. The One-way ANOVA shows that the 75+ 
age group has the highest rates for angle collisions, Left-tum collisions, and Right-tum 
collisions. For the Kruskal-Wallis test, there is enough evidence that the null hypothesis 
can be rejected at the 95% confidence level. As shown in the One-way ANOVA, the
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Kruskal-Wallis test also shows that the age group 75+ has the highest rate of angle 
eollision, Left-tum collision and Right-tum collisions.
Contributing Factors
The analyses based on Contributing Factors include the following safety indicators; 
percent crashes, per million VMT, and per million PMT. The crash percentages and crash 
rates for the contributing factors are calculated and are tested using One-way ANOVA 
and Kruskal-Wallis test for the equality of means and medians respectively. The detailed 
results of these analyses are presented in Appendix -  Statistical Analysis -  Contributing 
Factors (Appendix Tables 35, 36, 37, 38 and Figures 9, 10, 11, 12) and they are 
summarized in Tables 19, 20 and 21.
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Table 19 Summary of the Statistical Results for the Contributing factors based on Crash Percentages
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Contributing Factors
Crash Percentages 1 5 - 1 9 2 0 - 2 4 2 5 - 6 4 6 5 - 7 4 75 + R-Square P-value
Improper
Lane
Change
ANOVA Mean 0.079 0.082 0.087 0.105 0.097 0.725 0.000
St. Dev 0.005 0.005 0.002 0.006 0.012
KW Test Median 0.078 0.081 0.087 0.103 0.099 0.002
Z-value -2.650 -1.700 -0.070 2.920 1.490
Improper
Turn
ANOVA Mean 0.044 0.040 0.051 0.063 0.064 0.799 0.000
St. Dev 0.004 0.002 0.001 0.008 0.008
KW Test Median 0.042 0.040 0.051 0.062 0.065 0.000
Z-value -1.560 -3.400 -0.140 2.450 2.650
Failure to 
Yield
ANOVA Mean 0.264 0.242 0.241 0.383 0.466 0.979 0.000
St. Dev 0.004 0.008 0.006 0.018 0.025
KW Test Median 0.264 0.246 0.238 0.385 0.468 0.000
Z-value 0.000 -2.580 -2.510 1.700 3.400
Inattentive
Driving
ANOVA Mean 0.096 O.IOI 0.104 0.086 0.074
St. Dev 0.006 0.008 0.005 0.006 0.009
KW Test Median 0.095 0.100 0.102 0.083 0.073 0.001
Z-value 0.680 1.770 2.450 -1.700 -3.190
Speed
Related
ANOVA Mean 0.279 0.278 0.255 0.188 0.157 0.971 0.000
St. Dev 0.008 0.009 0.009 0.006 0.014
KW Test Median 0.279 0.277 0.259 0.191 0.154 0.000
Z-value 2.720 2.310 0.070 -1.700 -3.400
Others
ANOVA Mean 0.238 0.258 0.262 0.176 0.142 0.921 0.000
St. Dev 0.015 0.018 0.015 0.013 0.017
KW Test Median 0.239 0.249 0.260 0.180 0.130 0.000
Z-value 0.540 1.900 2.650 -1.770 -3.330
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Table 20: Summary of the Statistical Results for the Contributing factors based on Crash rate per mil VMT
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Contributing Factors
Crash Rate per mil VMT 1 5 - 1 9 2 0 - 2 4 2 5 - 6 4 6 5 - 7 4 75 + R-Square P-value
Improper 
Lane Change
ANOVA Mean 0.772 0.465 0.260 0.308 0.511 0.949 0.000
St. Dev 0.065 0.030 0.016 0.027 0.069
KW Test Median 0.798 0.474 0.259 0.317 0.497 0.000
Z-value 3.400 0.480 -3.260 -1.830 1.220
Improper
Turn
ANOVA Mean 0.430 0.226 0.151 0.184 0.335 0.942 0.000
St. Dev 0.047 0.011 0.010 0.023 0.033
KW Test Median 0.415 0.225 0.152 0.192 0.323 0.000
Z-value 3.330 0.000 -3.330 -1.770 1.770
Failure to 
Yield
ANOVA Mean 2.586 1.380 0.720 1.126 2.470 0.947 0.000
St. Dev 0.212 0.073 0.077 0.159 0.337
KW Test Median 2.554 1.405 0.706 1.093 2.429 0.000
Z-value 2.720 -0.070 -3.400 -1.630 2.380
Inattentive
Driving
ANOVA Mean 0.938 0.573 0.310 0.253 0.389 0.943 0.000
St. Dev 0.121 0.055 0.040 0.042 0.047
KW Test Median 0.873 0.568 0.303 0.235 0.401 0.000
Z-value 3.400 1.700 -1.900 -3.060 -0.140
Speed
Related
ANOVA Mean 2.736 1.581 0.762 0.550 0.833 0.978 0.000
St. Dev 0.245 0.075 0.087 0.052 0.114
KW Test Median 2.695 1.628 0.777 0.527 0.830 0.000
Z-value 3.400 1.700 -1.220 -3.400 -0.480
Others
ANOVA Mean 0.648 0.304 0.113 0.062 0.083 0.950 0.000
St. Dev 0.100 0.062 0.033 0.019 0.027
KW Test Median 0.621 0.279 0.098 0.071 0.082 0.000
Z-value 3.400 1.700 -0.410 -2.850 -1.830
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Table 21: Summary of the Statistical Results for the Contributing factors based on Crash rate per mil PMT
00K)
Contributing Factors
Crash Rate per mil PMT 15- 19 2 0 - 2 4 2 5 - 6 4 6 5 - 7 4 75 + R-Square P-value
Improper
Lane
Change
ANOVA Mean 0.278 0.310 0.180 0.187 0.284 0.864 0.000
St. Dev 0.024 0.020 0.011 0.016 0.039
KW Median 0.288 0.316 0.180 0.190 0.276 0.001Test Z-value 1.150 2.650 -2.790 -2.310 1.290
ANOVA Mean 0.155 0.150 0.105 0.113 0.187 0.864 0.000
Improper St. Dev 0.017 0.007 0.007 0.012 0.019
Turn KW Median 0.150 0.150 0.106 0.115 0.180 0.000Test Z-value 1.020 0.820 -2.990 -2.110 3.260
ANOVA Mean 0.933 0.918 0.500 0.695 1.375 0.910 0.000
Failure to St. Dev 0.076 0.049 0.053 0.079 0.189
Yield KW Median 0.921 0.935 0.491 0.671 1.353 0.000Test Z-value 0.880 0.820 -3.400 -1.700 3.400
ANOVA Mean 0.338 0.382 0.216 0.156 0.216 0.895 0.000
Inattentive St. Dev 0.044 0.037 0.028 0.023 0.026
Driving KW Median 0.315 0.378 0.211 0.150 0.224 0.000Test Z-value 2.040 3.060 -0.880 -3.330 -0.880
ANOVA Mean 0.987 1.052 0.530 0.335 0.464 0.966 0.000
Speed St. Dev 0.089 0.050 0.060 0.027 0.064
Related KW Median 0.972 1.084 0.540 0.329 0.463 0.000Test Z-value 2.110 2.990 -0.340 -3.330 -1.430
ANOVA Mean 0.234 0.202 0.079 0.040 0.046 0.915 0.000
Others St. Dev 0.036 0.041 0.023 0.008 0.015
KW Median 0.224 0.186 0.068 0.042 0.046 0.000Test Z-value 2.990 2.110 -0.200 -2.790 -2.110
For the analysis based on crash percentages for the contributing factors, the 
assumption of normality of the residuals in the ANOVA does not hold for improper turn 
and other factors. In the One-way ANOVA, older drivers (65-74 and 75+) have the 
highest percentages of Improper Turn, Failure to yield, and other factors. 
Correspondingly, these two age groups have the lowest percentage for Inattentive Driving 
and Speed Related crashes. The Kruskal-Wallis test shows that the null hypothesis 
(medians of the crash percentages of all the age groups are equal) can be rejected for all 
the factors. Older drivers (age groups 65-74 and 75+) have the highest crash percentages 
for the following factors: Improper lane change. Improper turn, and Failure to yield.
For the analysis based on Crash rate per million VMT, all the factors pass the 
normality test - i.e. there is no sufficient evidence to reject the null hypothesis (residuals 
follow a normal distribution). In the One-way ANOVA, all the factors have sufficient 
evidence to reject the null hypothesis at the 95% Confidence level (means of crash rates 
of all the age groups are equal). The age group 15-19 has the highest rates for Improper 
lane change. Improper turn. Failure to yield, and Speed Related factors. The 75+ age 
group has the second highest crash rate for Improper Turn, and Failure to Yield factors. 
In the Kruskal-Wallis test, all the factors have sufficient evidence to reject the null 
hypothesis at the 95% confidence level (that the medians o f crash rates for all the age 
groups are equal). The results of the Kruskal-Wallis test are similar to those obtained 
from the One-way ANOVA tests.
For the Crash rate per million PMT, the assumption of normality of the residuals in 
the ANOVA is valid for all of the factors. The One-way ANOVA shows that the null 
hypothesis (means of crash rates of all the age groups are equal) can be rejected at a 95
83
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
percent confidence level for all of the factors. The age group 75+ has the highest rate of 
crashes for Improper turn and Failure to yield. Results from the Kruskal-Wallis tests 
validate these findings.
Functional Class
In the analyses based on Functional Class o f the roadway, crash percentages, and 
crash rates per million VMT, and per million PMT for the functional classes are 
determined and are tested using One-way ANOVA and Kruskal-Wallis test for the 
equality of means and medians respectively. In addition to classifying roadways by 
functional class, they also are simultaneously categorized as urban or rural. The detailed 
results of these analyses are presented in Appendix -  Statistical Analysis -  Functional 
Class (Appendix tables 39, 40, 41, 42, 43, 44, 45, 46 and figures 13, 14, 15, 16, 17, 18, 
19, 20) and they are summarized in Tables 22, 23 and 24.
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Table 22 Summary of Statistical tests for different Functional Class based on Crash Percentages
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Functional Class
Crash Percentages 15 - 19 2 0 - 2 4 2 5 -6 4 6 5 -7 4 75 + R-Square P-value
Interstate/
Freeway
ANOVA Mean 0.158 0.204 0.193 0.124 0.084 0.907 0.000
St. Dev 0.021 0.016 0.013 0.012 0.015
KW Test Median 0.159 0.204 0.195 0.126 0.080 0.000
Z-value 0.200 2.850 2.040 -1.700 -3.400
Principal
Arterial
ANOVA Mean 0.222 0.245 0.252 0.260 0.274 0.806 0.000
St. Dev 0.014 0.006 0.005 0.013 0.005
KW Test Median 0.218 0.245 0.249 0.265 0.271 0.001
Z-value -3.330 -1.220 0.200 1.150 3.190
Minor
Arterial
ANOVA Mean 0.356 0.374 0.382 0.423 0.452 0.876 0.000
St. Dev 0.019 0.014 0.013 0.013 0.014
KW Test Median 0.359 0.373 0.381 0.425 0.457 0.000
Z-value -2.790 -1.700 -0.610 1.830 3.260
Collectors
ANOVA Mean 0.135 0.089 0.094 0.117 0.113 0.878 0.000
St. Dev 0.010 0.003 0.004 0.010 0.004
KW Test Median 0.137 0.089 0.094 0.119 0.112 0.000
Z-value 3.260 -3.130 -1.970 1.290 0.540
Local
ANOVA Mean 0.129 0.088 0.079 0.076 0.077 0.963 0.000
St. Dev 0.004 0.003 0.004 0.006 0.005
KW Test Median 0.130 0.090 0.078 0.077 0.076 0.001
Z-value 3.400 1.490 -1.090 -1.900 -1.900
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Table 23 Summary of Statistical tests for different Functional Class based on Crash rate per mil VMT
00ON
Functiona Class
Crash Rate per mil VMT 15 -19 2 0 - 2 4 2 5 - 6 4 6 5 - 7 4 75 + R-Square P-value
Interstate/
Freeway
ANOVA Mean 1.538 1.161 0.572 0.361 0.438 0.985 0.000
St. Dev 0.104 0.076 0.021 0.020 0.051
KW Test Median 1.532 1.159 0.572 0.357 0.419 0.000
Z-value 3.400 1.700 0.000 -3.330 -1.770
Principal
Arterial
ANOVA Mean 2.178 1.392 0.752 0.766 1.451 0.933 0.000
St. Dev 0.291 0.045 0.067 0.102 0.150
KW Test Median 2.084 1.398 0.740 0.777 1.407 0.000
Z-value 3.400 0.750 -2.580 -2.510 0.950
Minor
Arterial
ANOVA Mean 3.488 2.127 1.142 1.243 2.393 0.936 0.000
St. Dev 0.436 0.126 0.134 0.157 0.258
KW Test Median 3.465 2.129 1.I3I 1.163 2.406 0.000
Z-value 3.400 0.340 -2.920 -2.170 1.360
Collectors
ANOVA Mean 1.313 0.507 0.279 0.340 0.595 0.995 0.000
St. Dev 0.033 0.015 0.013 0.018 0.054
KW Test Median 1.327 0.509 0.278 0.338 0.583 0.000
Z-value 3.400 0.000 -3.400 -1.700 1.700
Local
ANOVA Mean 1.266 0.502 0.236 0.224 0.405 0.988 0.000
St. Dev 0.081 0.028 0.028 0.031 0.050
KW Test Median 1.253 0.502 0.227 0.215 0.419 0.000
Z-value 3.400 1.700 -2.170 -2.920 0.000
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Table 24 Summary of Statistical tests for different Functional Class based on Crash rate per mil PMT
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Functional Class
Crash Rate per mil PMT 15-19 2 0 - 2 4 2 5 - 6 ^ 6 5 - 7 4 75 + R-Square P-value
Interstate/
Freeway
ANOVA Mean 0.555 0.773 0.397 0.219 0.244 0.981 0.000
St. Dev 0.037 0.051 0.015 0.011 0.028
KW Test Median 0.552 0.772 0.397 0.217 0.234 0.000
Z-value 1.700 3.400 0.000 -2.990 -2.110
Principal
Arterial
ANOVA Mean 0.785 0.927 0.523 0.471 0.808 0.890 0.000
St. Dev 0.105 0.030 0.046 0.052 0.084
KW Test Median 0.751 0.931 0.515 0.467 0.784 0.000
Z-value 0.750 3.190 -2.110 -2.990 1.150
Minor
Arterial
ANOVA Mean 1.258 1.416 0.794 0.765 1.332 0.877 0.000
St. Dev 0.157 0.084 0.093 0.078 0.145
KW Test Median 1.250 1.417 0.786 0.741 1.340 0.001
Z-value 0.880 2.450 -2.450 -2.650 1.770
Collectors
ANOVA Mean 0.474 0.337 0.194 0.204 0.331 0.980 0.000
St. Dev 0.012 0.010 0.009 0.010 0.031
KW Test Median 0.479 0.339 0.193 0.203 0.325 0.000
Z-value 3.400 1.150 -2.990 -2.110 0.540
Local
ANOVA Mean 0.456 0.334 0.164 0.137 0.225 0.971 0.000
St. Dev 0.029 0.018 0.019 0.017 0.028
KW Test Median 0.452 0.334 0.158 0.131 0.233 0.000
Z-value 3.400 1.700 -1.830 -3.190 -0.070
For the analysis based on crash percentages for the contributing factors, the 
assumption of normality of the residuals in the ANOVA holds for all categories except 
for minor arterial. When the functional class percentages are further classified by rural 
and urban areas, both mral and urban interstates. Principal Arterial Rural, Collectors 
Rural and Collectors Urban fail the normality test. In the One-way ANOVA, Interstate 
Rural, Minor Arterial Rural and Collectors Rural do not have sufficient evidence to reject 
the null hypothesis for a 95% confidence interval (mean crash percentages for all the age 
groups are equal). Drivers in the age groups 75+ and 65-74 have the highest percent of 
crashes on Principal Arterials, and on Minor Arterials. Conversely they have the lowest 
percentages o f crashes on Interstate roadways. When further classified. Principal Arterial 
Rural, Principal Arterial Urban, Minor Arterial Urban and Local Rural are the roads 
where the older driver crash rates have very high crash rates than any other age group.
Results from the Kruskal-Wallis tests show that the null hypothesis (medians of crash 
percentages for all the age groups are equal) cannot be rejected at the 95 percent 
confidence level for the following categories: Interstate rural. Minor Arterial rural. 
Collectors rural and Local rural These results show that for the Older Drivers have crash 
rates higher than the other age groups on Principal Arterial and Minor Arterials. When 
further classified, they have the highest crash percentages for the following categories: 
Principal Arterial Rural, Principal Arterial Urban, and Minor Arterial Urban. Since a vast 
majority of the population and the driving in Clark County are in urban areas, it is to be 
expected that urban categories would account for a vast majority o f the crash percentages.
For the Crash rate per million VMT, the assumption of normality of the residuals in 
the ANOVA is valid for all of road categories, except Interstate and Local roads. When
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further classified, Interstate rural, Interstate urban, Principal arterial rural and Local rural 
does not have sufficient evidence to reject the null hypothesis that the residuals follow a 
normal distribution. The One-way ANOVA shows that the null hypothesis (means of 
crash rates of all the age groups are equal) can be rejected at a 95 percent confidence 
level for all of the factors.
For the One-way ANOVA, all the classes have sufficient evidence to reject the null 
hypothesis (means of all the crash rates are equal) at the 95 percent confidence level. 
Drivers in the age groups of 75+ and 65-74 respectively have the highest crash rates on 
Principal arterial and Minor arterial roadways. When further classified, these two age 
groups have the highest crash rates for the following categories: Principal arterial urban, 
Minor arterial rural, Minor arterial urban, and collectors urban. In the Kruskal-Wallis test, 
the null hypothesis (that the medians of the crash rates of all the age groups are equal) 
can be rejected at the 95 percent confidence level. The results of these tests confirm that 
drivers in the age groups o f 75+ and 65-74 have the highest crash rates for the following 
categories: Principal arterial rural. Principal arterial urban. Minor arterial rural. Minor 
arterial urban, collectors urban and Local rural have high crash rates for the age group of 
75+.
In the analyses based on the Crash rate per million PMT, the assumption of normality 
o f the residuals in the ANOVA is valid for the following categories: Interstate/Freeway, 
Interstate rural. Interstate urban, Collectors rural. Local mral and Local urban. In the 
One-way ANOVA, Minor arterial rural do not enough evidence to reject the null 
hypothesis at 95% confidence interval (means o f the crash rates are equal). Drivers in the 
age group of 75+ have highest crash rates on Principal arterial and Minor arterial
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roadways. When further classified, Principal arterial urban. Minor arterial rural. Minor 
arterial urban, collectors urban and Local rural have high crash rates for the age group 
75+. In the Kruskal-Wallis test, the category Minor arterial rural does not have sufficient 
evidence to reject the null hypothesis (medians of the crash rates of all the age groups are 
equal) at the 95 percent confidence level. The tests verify that the age group of 75+ has 
high crash rates for the following categories: .Principal arterial rural. Principal arterial 
urban. Minor arterial rural, Minor arterial urban, collectors urban and Local rural.
Road Class
Roadways were categorized based on the number of lanes and whether they were 
one-way and two-way roads. The roadways were again classified using the divided and 
undivided roads. The crash percentages and crash rates for the age groups for various 
categories identified were determined as described in chapter 3. The crash percentages 
and crash rates for the road classes were calculated and are tested using One-way 
ANOVA and Kruskal-Wallis test for the equality of means and medians respectively. The 
detailed results of these analyses are presented in Appendix -  Statistical Analysis -  Road 
Class (Appendix tables 47, 48, 49, 50, 51, 52, 53, 54 and figures 21, 22, 23, 24, 25, 26, 
27, 28) and they are summarized in Tables 25, 26 and 27.
Based on the percent crashes, the assumption of normality of the residuals is valid 
only for undivided roads, one-way roads, two-way roads, and 6 lanes divided. In the One­
way ANOVA, One-way, Two-way, 4 lane undivided, 6 lane undivided and 8 lane divided 
have sufficient evidence to reject the null hypothesis (means of the crash percentages of 
all the age groups are equal) at a 95 percent confidence level. The age group 75+ had the 
highest crash percentage on undivided, two-way, and 6 lanes roads. The older drivers in
90
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the age groups of 65-74, and 75+ have higher percent crashes on 6 lane undivided and 4- 
lane undivided roadways. In the case of the 4-lane undivided roadways, drivers in the 15- 
19 age group have the highest percent crashes. The Kruskal-Wallis test validates these 
findings.
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Table 25 Summary of Statistical Results for different Road Class based on Crash Percentages
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Road Class
Cras 1 Percentages 15 -19 2 0 -2 4 2 5 - 6 4 6 5 - 7 4 75 + R-Square P-value
Divided
ANOVA Mean 0.507 0.550 0.541 0.517 0.517 0.145 0.511
St. Dev 0.045 0.041 0.040 0.042 0.049
KW Test Median 0.490 0.538 0.526 0.499 0.506 0.055
Z-value -2.040 2.170 1.290 -0.820 -0.610
Undivided
ANOVA Mean 0.320 0.301 0.310 0.339 0.353 0.233 0.234
St. Dev 0.053 0.035 0.036 0.038 0.026
KW Test Median 0.330 0.309 0.320 0.351 0.355 0.189
Z-value -0.200 -1.560 -0.950 0.820 1.900
<= 4 
Lanes
ANOVA Mean 0.505 0.454 0.461 0.479 0.476 0.292 0.124
St. Dev 0.025 0.035 0.030 0.023 0.036
KW Test Median 0.499 0.449 0.457 0.477 0.464 0.125
Z-value 2.040 -1.770 -1.090 0.750 0.070
6 Lanes
ANOVA Mean 0.425 0.452 0.444 0.452 0.468 0.307 0.104
St. Dev 0.018 0.028 0.024 0.016 0.027
KW Test Median 0.424 0.462 0.447 0.451 0.475 0.102
Z-value -2.510 0.780 -0.140 0.240 1.630
>= 8 
Lanes
ANOVA Mean 0.049 0.059 0.056 0.041 0.036 0.239 0.221
St. Dev 0.020 0.016 0.017 0.017 0.016
KW Test Median 0.037 0.055 0.048 0.034 0.029 0.140
Z-value -0.200 1.770 1.220 -1.150 -1.630
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Table 26 Summary of Statistical Results for different Road Class based on Crash rate per mil VMT
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Road Class
Crash Rate per mil VMT 1 5 -1 9 2 0 -2 4 2 5 - 6 4 6 5 - 7 4 75 + R-Square P-value
Divided
ANOVA Mean 4.803 3.031 1.560 1.473 2.647 0.970 0.000
St. Dev 0.428 0.088 0.133 0.158 0.228
KW Test Median 4.700 3.017 1.537 1.413 2.601 0.000
Z-value 3.400 1.560 -2.170 -2.920 0.140
Undivided
ANOVA Mean 2.902 1.634 0.880 0.954 1.795 0.976 0.000
St. Dev 0.216 0.108 0.045 0.087 0.116
KW Test Median 3.034 1.636 0.883 0.951 1.830 0.000
Z-value 3.400 0.270 -3.060 -2.040 1.430
<=4
Lanes
ANOVA Mean 4.951 2.587 1.380 1.409 2529 0.938 0.000
St. Dev 0.617 0.263 0.198 0.201 0.406
KW Test Median 4.819 2.567 1.356 1.379 2.406 0.000
Z-value 3.400 1.090 -2.790 -2.310 0.610
6 Lanes
ANOVA Mean 4.153 2.568 1.321 1.323 2.463 0.986 0.000
St. Dev 0.214 0.121 0.070 0.111 0.133
KW Test Median 4.279 2.635 1.331 1.258 2.474 0.000
Z-value 3.400 1.290 -2.510 -2.580 0.410
>= 8 
Lanes
ANOVA Mean 0.467 0.333 0.165 0.117 0.186 0.708 0.000
St. Dev 0.166 0.085 0.041 0.042 0.067
KW Test Median 0.398 0.323 0.158 0.104 0.168 0.001
Z-value 3.130 1.830 -1.220 -2.920 -0.820
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Table 27 Summary of Statistical Results for different Road Class based on Crash rate per mil PMT
'• G
Road C ass
Crash Rate per mi PMT 15-19 2 0 - 2 4 2 5 -6 4 6 5 - 7 4 75 + R-Square P-value
Divided
ANOVA Mean 2.898 2.412 1.266 1.120 1.916 0.488 0.007
St. Dev 1.526 0.492 0.217 0.243 0.542
KW Test Median 1.960 2.090 1.200 1.020 1.670 0.002
Z-value 1.900 2.310 -1.970 -2.890 0.650
Undivided
ANOVA Mean 1.785 1.309 0.716 0.718 1.296 0.443 0.016
St. Dev 1.015 0.323 0.131 0.167 0.344
KW Test Median 1.107 1.169 0.659 0.644 1.067 0.002
Z-value 1.970 1.700 -2.450 -2.580 1.360
<= 4 
Lanes
ANOVA Mean 1.785 1.722 0.959 0.868 1.408 0.847 0.000
St. Dev 0.222 0.175 0.138 0.103 0.228
KW Test Median 1.738 1.708 0.943 0.839 1.340 0.001
Z-value 2.510 2.040 -2.170 -2.920 0.540
6 Lanes
ANOVA Mean 1.497 1.709 0.918 0.802 1.371 0.969 0.000
St. Dev 0.077 0.080 0.049 0.062 0.075
KW Test Median 1.543 1.754 0.925 0.792 1.379 0.000
Z-value 1.560 3.400 -1.770 -3.330 0.140
>= 8 
Lanes
ANOVA Mean 0.168 0.222 0.114 0.072 0.103 0.646 0.000
St. Dev 0.060 0.057 0.029 0.025 0.037
KW Test Median 0.143 0.215 0.110 0.068 0.093 0.002
Z-value 1.490 2.990 -0.540 -2.850 -1.090
For the Crash rate per million VMT, the following categories fail the normality test
i.e. they have sufficient evidence to reject the null hypothesis (residuals of the population 
are normal): 8 lanes or more, 4 lanes or less divided, 6 lanes undivided, 8 or more lanes 
divided and 8 or more lanes undivided. The 15-19 age group generally has the highest 
crash rates across the road categories evaluated. The age group of 75+ has high crash 
rates in the undivided 6-lane category. Results from the Kruskal-Wallis tests corroborate 
these findings.
The results of the analyses based on the crash rate per million PMT are very similar to 
those for based on crash rates per million VMT. The key differences are that the 15-19 
and the 20-24 age groups generally rank the highest. Drivers in the age group 75+ have 
the highest crash rates on 6-lane undivided roadways. These results are consistent both 
for the one-way ANOVA and the Kruskal-Wallis tests.
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CHAPTER 5
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
A summary of the research efforts and the findings from the same to identify and 
compare crash risks of older drivers are presented in this chapter. Key conclusions drawn 
from the analysis and results o f this research are also presented. Also included in this 
chapter are recommendations for future work.
Summary
Data show that the older population in the United States is expected to increase 
significantly over the next 25 years. This will result in a larger number and a larger 
proportion o f older drivers on the roadways. As individuals age, their abilities as 
motorists deteriorate, resulting in increased risks as motorists. Further, the older road 
users are typically physically more frail and thus more susceptible to injuries and 
fatalities than the younger population. Thus, it is important to analyze crashes involving 
older drivers so as to better understand their causes.
The objective of the research was to identify critical risk factors for drivers over the 
age of 75 and those in the age group of 65 to 74 years, and to compare the risks with 
other age groups. The crash risks were identified using key network characteristics such 
as geometric features and traffic operations related characteristics. A methodology to 
evaluate the risks was developed to identify key indicators of risk factors for older driver
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involvement in crashes. Demographic and crash data for the years from 1998 to 2002 for 
Clark County, Nevada, where the Las Vegas metropolitan area is located, were used to 
demonstrate the application of the methodology. Other data used include estimates of 
vehicle miles of travel and passenger miles of travel
Two types of analyses were performed in the study; descriptive evaluations and 
statistical analysis. In the descriptive analysis, the percent of crashes and crash rates were 
computed and compared for various age groups. The statistical analysis included the 
following; One-way ANOVA to test for the equality of means of the Crash rates/ 
percents; and Kruskal-Wallis test, a non-parametric test, to test for the equality of 
medians of crash rates/ percents.
The fatal crash percentage for the age group of “75 and over” is 0.79 which is almost 
double the average crash rate over the years (1998 -  2002) for Clark County. Overall, the 
age group 75 + shows the highest rate of fatal crashes compared to the other age groups. 
This age group has the highest percent of crashes, the highest fatal crash rate per million 
VMT, and the highest fatal crash rate per PMT.
O f the various collision types, Angle collision. Rear-end collision, Left-tum collision, 
Right-tum collision and Side-swipe collision account for about 80 percent of the total 
collisions. Rear-end collision is the major collision type accounting for 40 percent of the 
collisions. Side-swipe collision and Angle collision account for about 15 percent each. 
Older drivers’ have the highest crash rates per 1,000 population for angle collision and 
rear-end collision. The rear-end crash rates are significantly higher for the younger 
drivers (age groups 1 5 - 1 9  and 20 - 24). The crash rates for left-tum and right-tum
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collisions are higher for the older drivers than the average for all age groups. This 
indicates that older drivers experience a higher proportion of such crashes.
Of all the contributing factors, three-quarters of the crashes are due to failure to yield, 
speed related, improper turn, improper lane change, and inattentive driving. Of these 
factors, failure to yield and speed related crashes have a crash percentage equal to about 
25 percent of the total crashes. Analyses show that older drivers have high proportion of 
crashes attributed to Failure to yield and Speed related factors. For the older drivers (65- 
74 and 75+), failure to yield and speed related have a very high crash rates for both VMT 
and PMT as measures o f exposure. But, improper lane change, improper turn, and failure 
to yield are the factors for the older drivers which have a higher crash rate than the 
average crash rate per million VMT. Failure to yield has high rates for the younger 
drivers (15-19) also. Speeding also is a very significant contributing factor for crash rates 
per million VMT among the youngest drivers. Failure to yield and speed related are the 
factors that have high crash rates per million PMT for the older drivers.
The functional classes of roadways considered are the following five categories: 
Interstate/Freeway, Principal Arterial, Minor Arterial, Collectors, and the Local roads. 
About 97% of the crashes occur in the urban area, which reflects the fact that a vast 
majority of Clark County’s population is in urban areas. When older driver crashes are 
observed. Minor Arterials and Principal Arterials account for the highest proportions of 
their crashes. This can be attributed to the fact that the older drivers tend to avoid the 
Interstate/ Freeways and prefer to drive on arterials. The younger and the older drivers 
(i.e. the age groups 15-19, 20-24, and 75+) have higher crash rates (per mil VMT and per 
mil PMT) on the Principal Arterials and the Minor Arterials. The 20-24 age group has
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crash rates per PMT on the Principal Arterials and Minor Arterials that are greater than 
those for the age group 15-19.
Road Class is divided based on the number of lanes as follows: less than or equal to 4 
lanes, 6 lanes and greater than or equal to 8 lanes. Roads with less than or equal to 6 lanes 
have the highest percent of the crashes, and this echoes the fact that in Clark County most 
of the roads have six or fewer lanes. Older drivers have a higher proportion o f crashes on 
six lane roads with a steady increase across the age groups. The proportion of crashes on 
6-lane roadways (divided or undivided) appears to increase with increase in age. The 
crash rate appears to be higher on divided roads than on undivided roads, and much 
higher on two way roads than on one-way roads. The crash rates per million VMT and 
per million PMT are seen to be the highest for the youngest population group (15-19, 20- 
24), and also for the 75+ population group. The crash rate for the older population is 
somewhat similar for both 4 lane and 6 lane roadways. The crash rates on roadways with 
8 or more lanes are much smaller than those on roadways with fewer than 8 lanes. 
Conclusions
The results from the analysis based on the contributing factors show that the older 
drivers have difficulty while yielding to the vehicles. Other contributing factors which 
also have high crash risk are making improper lane change and improper turns. The 
results from the analysis based on the collision type show that the right-tum and left-tum 
maneuvers have a high crash risk for the older drivers followed by the angle collision and 
Side-swipe collision. These collision types have a high crash percent for the age groups 
of 65-74 and 75+ but when the crash rates are considered for the age group 65-74 crash 
rates are lower than the average crash rate.
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When functional class is considered, older drivers have high crash risk on the 
Principal arterials and Minor Arterials. As the older drivers try to avoid the high speed 
zones such as Interstates and Freeways, they tend to drive more on these arterials and this 
may explain the higher proportion of the older driver involved crashes occurring on such 
roadways.
The results from the analysis based on road characteristics show that the older have 
difficulty driving on undivided and two-way roads. Older drivers have high crash risk on 
4-lane and 6-lane roadways when lane configuration is considered. When further analysis 
is done on the lane configurations, older drivers have a high crash risk on 6-lane 
undivided roads. They also have high crash risk on the 4-lane divided and 4-lane 
undivided roads.
Recommendations for Future Work
In this study crashes involving older were studied and results are presented for the age 
groups which have more number of crashes and are at high risk. The study also gives an 
overview o f occurrence of crashes involving the older. This study proposes estimating 
crash rates involving older based on demographic data and VMT. For analysis based on 
demographic data, only residential population was considered. However, it is known that 
more than 30 million people visit Las Vegas every year. These visitors (non-resident 
population) were not considered. An estimate of non-residential population by age group 
is required to accurately estimate exposure by adding this to the resident 
population. Means to estimate non-resident population by age group need to be explored.
VMT and PMT data were estimated using national averages. Such data could be used 
when local data are not available. The national averages in the demonstrated
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methodology could be replaced with the local data to compute the more accurate rates. 
The local data to estimate exposure could be based on local household travel survey or 
the local portion of the 2001 NHTS data. Further, the results o f this study could be 
enriched if estimates of VMT and PMT for individual age groups were used for specific 
road classes and road types. Further, it would be useful to perform the analyses for age 
groups in 5 year cohorts (i.e., disaggregate the 25-64 and the 65-74 age groups).
In this study, crash data for only five years were used. When the statistical analyses 
are performed, a five year period is small. Crash data for a longer time period would be 
valuable and this would support drawing more definitive conclusions. If more crash data 
are not easily available, the available crash data could be split quarterly rather than 
annually and used in the analysis. Further, studies need to be conducted to identify areas 
or locations with high number of crashes involving older motorists, and potential safety 
countermeasures be developed to address these problems.
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